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FOREWORD

The main objective of the last year's work was to obtain a
scientific evaluation, outside of the University of Minnesota, of
the Impedance Cardiograph as a means to determine cardiac output,
stroke volume and other cardiac parameters. This will then pro-
vide a wider spectrum of experience and opinion upon which to base
a final decision as to the use of the system during space flight.

It is with great gratitude that the cooperative efforts of
the investigators, known and unknown, who have participated in
this work is acknowledged.

The need is enormous for a non-invasive means to obtain in-
formation relative to cardiac function. In clinical applications
it would greatly expand the range of patients that could be stud-
ied, since in many cases the surgical insertion of catheters is
not justified. The same is especially true of research appli-
cations where catheterization can only be justified in unusual
situations.

The work reported here has advanced the understanding of the
use and limitations of the Impedance Cardiograph. Much research
is still needed to build up a body of knowledge and experience
to fully appreciate the potential value of the system. Similar
to the history of the electfocardiograph, it probably will take
years to acquire sufficient information to combine precise scien-
tific knowledge with empirical observations into a widely accept-
able clinical and research tool. New concepts must be developed
to advance from measurements of cardiac output to the more inti~
mate mechanisms of myocardial function. The Impedance Cardiograph

holds great promise in this area.
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Part T

The following portion of this report was presented by
invitation at two symposia. The first was held during the
annual meeting of the American Association for Medical Instru-
mentation in Houston, July 1968. The second time was an Aero-
space Medicine Symposium held as part of The International
Congress of Chest Physicians in Washington D.C., October 5,
1968. In both events Dr. Charles Berry was the moderator. In
each case there was evidence of considerable interest in this
area judging from the response from the audience and the re-
quests for reprints and other information. Interest has ranged
from questions concerning various clinical applications to
research applications such as use in high performance aircraft
and the possible use on parachute jumpers during free fall.
In the latter case, use of the miniature units developed for
space flight were suggested with an appropriate telemetry sys-
tem. In the other applications the standard Impedance Cardio-
graph developed in our laboratories would meet the requirements
for hospital and aircraft applications since the device can
operate on 115VAC, (50-400) Hz at about 25 watts. Total volume
of the unit is approximately 0.75 cubic foot and weighs 16 pounds.

This should be suitable for most aircraft applications.



THE IMPEDANCE CARDIOGRAPH AS A NON-INVASIVE MEANS

TO MONITOR CARDIAC FUNCTION
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A four electrode Impedance Cardiograph has been developed

to meet a need in clinical medicine and research laboratories

for a simple, bloodless method of monitoring various parameters

of cardiac function without penetrating the skin (Fig. 1). Pre-

vious work in this laboratory has been directed toward an effort

to equate the small thoracic impedance changes observed during

the cardiac cycle to ventricular stroke volume and cardiac output

in human beings. The following equation was used for stroke

volume:

AV =

AV

(az/dt)_.
min
T

Cardiac Output

L2T
Z2,

p (dz/dt)_.
min

ventricular stroke volume (cc)

the electrical resistivity of blood at 100 kHz
(average value 150 ohm-cm)

the mean distance (cm) bétween the two inner
electrodes
(2 and 3) (measured front and back) Fig. 3

the impedance, in ohms, between the two inner
electrodes (2 and 3) Fig. 3

ohms per second (Fig. 6)
ventricular ejection time in seconds (Fig. 6)

stroke volume x pulse rate.

Thus far this has met with limited success due to a variety of

technical difficulties (1,2,3). Valvular disorders frequently

make this calculation difficult due to distortions of the

waveforms (Fig.

The purpose of this investigation was to evaluate the

Impedance Cardiograph as a non-invasive method to monitor certain

parameters related to cardiac dynamics.



Methods and Procedure

Four aluminized Mylar strips attached to an adhesive tape
backing are placed around the subject as shown in Fig. 1. Two
strip electrodes are placed around the neck separated as far as
possible. A third electrode is placed around the thorax at the
level of the xiphisternal joint and a fourth electrode around the
lower abdomen. A harness to support the cables connecting the
electrodes to the impedance system was developed for use during
various activity experiments (Fig. 2). A schematic diagram of
the main elements of the Impedance Cardiograph is illustrated in
Fig. 3. Electrodes 1 and 4 are attached to a constant current
oscillator supplying alternating current at 100 kHz at approxi-
mately 4 ma. The impedance between electrodes 2 and 3 then pro-
duces a voltage proportional to the total impedance between im-
pedance between electrodes 2 and 3. This total impedance has been
labeled as Z,. This impedance is usually in the range of about
25 ohms. During the cardiac cycle this impedance changes by
approximately .1 to .2 ohms (AZ). Two differentiators are built
into the system to provide the first and second time derivatives
of AZ. The value of Z, is read out automatically on a digital
display on the front panel of the instrument (Fig. 4). The
other outputs (AZ, dZ/dt, d%Z/dt?) are fed into any suitable
strip chart recorder or a tape recorder. The solid state cir-
cuitry and output terminals are shown in Fig. 5. A typical re-
cording taken on a normal young adult is shown in Fig. 6. Heart
sounds, AZ, dZ/dt, and the ECG were recorded to illustrate the

impedance events in their time relation to the cardiac cycle.



From such a recording, the (R-Z) interval, the ventricular
ejection time (T) and the peak value of the first derivative
(dZ/dt)min can be determined. The heart sounds are frequently
helpful in confirming the ejection time. AZ was recorded since
it has been observed that valvular disorders such as mitral valve
insufficiency produce distortions in the waveform of AZ and con-
sequently (dz/d4dt), Fig. 7.

The peak negative value of the first derivative, (dZ/dt)min,
has been observed to occur simultaneous with the peak ejection
rate of the left ventricle in experiments on anesthetized dogs
in our laboratories (1967 Final Report). Also, in these ex-
periments the magnitude of (dZ/dt)min varied in a linear fashion
with variations in peak ejection rate. The (R-Z) interval in-
cludes the factor of cardiac contractility as described by Siegel,
Eﬁ al. (4,5) which involves the time from the R spike to the in-

traventricular (dP/dT)m as well as the time for the ventricles

ax’
to reach maximum ejection rate. If future work confirms these
findings, the Impedance Cardiograph can then provide a simple,
non-invasive means to determine overall myocardial function. 1In
resting, young healthy adults the (R-Z) interval has been re-
corded from 110 to about 150 msec, with exercise this may be re-
duced to 60 to 90 msec. In healthy resting young adults,
(dZ/dt)min has been noted in the approximate range of 1.4 - 1.9
ohms per second. With exercise this value can increase to over
three ohms per second. In three patients diagnosed as cardio-

myopathy, (dZ/dt)min was found at approximately one ohm per

second (.9 - 1.2). In another case with a severe ventricular



septal defect (dZ/dt)min was recorded at 4.6 ohms per second.
The (R-Z) interval was 60 msec. The ventricular ejection time
has also been found to vary in relation to pulse rate.

Another clinical application of the Impedénce Cardiograph
has been as a monitor of cardiac function without measuring the
various parameters described. The visual observation and com-
parison of a series of impedance cardiograms following cardiac
surgery has provided the surgical staff a rapid and convenient
means to follow the patient's recovery. Two examples are shown
in figures 7, 8 and 9. Recordings of the heart sounds and (dZ/dt)
on a patient in which the suture line holding an artificial mitral
valve had opened are shown in figure 7. The pre-operative wave-
form of both AZ and (dZ/dt) were greatly distorted due to the
regurgitation of blood around the mitral valve. Two hours follow-
ing repair of the valve the (dZ/dt) waveform approximated a normal
waveform except that the value of (dZ/dt)min was very small in-
dicating a very feeble ventricular ejection. This correlated
with the clinical observation of a critically ill patient very
near a shock status. Twenty-four hours later it can be seen that
the ventricular ejection was much stronger as indicated by the
increase in the height of (dZ/dt) and with the waveform improving
more toward the normal characteristics. This again correlated
with the clinical observations that the patient had improved but
was still considered critical.

In order to assess the value of impedance measurements in
patients with severe cardiac abnormalities, post-operative records

were taken on a patient who had received three artificial valves



and had an extremely enlarged heart. Figure 8 is a photograph
of a post-operative chest x-ray of the patient showing the three
artificial valves (mitral, tricuspid, and aortic) as well as the
greatly enlarged heart. Recordings of the (dZ/dt) impedance
waveform taken two hours, twenty-four hours, and seventy-two hours
post-operative are shown in Fig. 9. The two hours post-operative
record indicates an irregular heart rate and small amplitude but
typically formed (dZ/dt) waveform. By 24 hours post-operative,
the heart rate had become more regular and some increase in the
(dZ/dt) amplitude is seen. For the records shown in Fig. 9, the
average two hour post-operative heart rate was 150 bpm, 24 hours
77 bpm and 72 hours 81 bpm. With increased pulse rates in normal
subjects we have noted a diminished amplitude of (dZ/dt) trac-
ings for relatively constant cardiac output, thus the small ampli-
tude signals of the two hour post-operative measurement when com-~
pared to the 24 hour post-operative measurement could be due in
part to the differences in pulse rates. It is of interest to
note, however, that the pulse rates at 24 hours and 72 hours post-
operative were approximately the same; while the 72 hour (dZ/dt)
waveform had a considerably larger amplitude indicating a more
forceful ventricular ejection and an increased stroke volume.
Significantly, the patient's clinical appearance had greatly
improved at 72 hours as he was sitting up in bed and talking
with the nurses.

Although the records shown on one patient do not provide
_ conclusive proof for all cases, it is apparent that the metal

valves and enlarged heart did not affect the origin of the AZ



waveform or the response of the waveform to increases in quality
of cardiac functions such as contractility and cardiac output.
Also, examination of the (dZ/dt) waveform only, without com-
putation of stroke volume and cardiac output, provided the sur-
geons with a quick and convenient means to assess cardiac function
without the additional surgical trauma associated with the dye

dilution or similar techniques for measuring cardiac output.

Discussion

It appears that with additional clinical experience and basic
research that the Impedance Cardiograph will become a very useful
means to obtain information relating to cardiac function without
penetrating the skin in both clinical and research applications.
In addition, preliminary observations indicate that the system
should be of value in certain pulmonary diseases., The value Z,
is a measure of the total impedance from the base of the neck
to the xiphisternal joint. In the event of pulmonary congestion
or edema, the value of Z, will be low due to a greater conductiv-
ity through the chest. The converse is true with increasing volume
of air in the chest. The ratio of L2/Z,%2 corrects for variations
in distance between the electrodes (2 and 3), Fig. 3. It appears
that this ratio will be of value in following certain chest
diseases without penetrating the skin and with a reduced number

of chest x-rays.

Summary
1. The Impedance Cardiograph as described here is a device

capable of providing information concerning the mechanical function



of the heart without penetrating the skin. The entire procedure

is comparable to that of recording the electrocardiogram. The

system creates no hazard nor discomfort to the patient or experi-

mental subject. The procedure to obtain the impedance information

is simple, convenient and inexpensive, suitable for any clinical

or research application.

2. The device can be used in a variety of applications.

.

Various parameters of cardiac function can be calculated
or measured for a pérmaneht record providing the heart
valves are intact.

Serial recordings on a strip chart can provide the
physician with a rapid and easy means to monitor cardiac
function. These signals are also suitable for display

on cathode ray tubes in a cardiac monitoring center. One
such application would be the simultaneous display of
(dZ/dt) and the electrocardiogram. .Thus any discrepancies
between ventricular ejection and the ECG would become
apparent.

Valvular disorders produce changes in the waveform of
both AZ and (dZ/dt). This shows promise of value as a
diagnostic aid. Unfortunately this also makes calcu-
lation of stroke volume difficult if not impossible.

The electrodes are disposable, comfortable and have been

left in place up to four days without difficulties.

3. TFurther investigation of the Impedance Cardiograph is needed

to determine the full significance and usefulness of the system.

The cardiac parameters observed in this study should also be



10

recorded during prolonged space flight. If this is not possible,

at least pre and post flight recordings should be made.
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Fig. 1 The disposable electrodes Fig. 2 A view of the Velcro
made of aluminized Mylar strips harness to support the
on an adhesive tape backing are connecting cables.

shown with the lead wires from
the impedance system attached.

CONSTANT VOLTAGE
CURRENT PICK UP
OSCILLATOR ' AND
- DETECTION
100 KHz ;
XIPH I STERNAL [ ]
JOINT Zo BZ dzs dPzp,

Fig. 3 A schematic diagram of the main elements of the
Impedance Cardiograph connected to the electrodes shown in Fig. 1.
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PART II

A COMPARISON STUDY OF SIMULTANEOUS CARDIAC OUTPUT DETERMINATIONS
BY THE IMPEDANCE METHOD AND INDICATOR DILUTION TECHNIQUE
OR THE FICK METHOD

Following pages display the name and address of the prin-
cipal investigators who have conducted comparison studies
between the impedance and indicator dilution techniques and
have submitted data. On the opposite page is a brief descrip-
tion of their experimental design. In addition, Dr. Loren
Heather, Orange County Medical Center, Orange, California and
Dr. Homer Warner, Latter-Day Saint's Hospital, Salt Lake City,
Utah have similar projects under way but have not as yet sub-
mitted data. All of these investigators are to be commended
for their work in a very short time. In most cases the Imped-
ance Cardiograph was delivered to these centers in the late fall
of 1967 or winter of 1968. Dr. Smith and his colleagues at
Marquette University obtained a unit on loan for four months
this past summer. The listing of the principal investigators is
according to the person responsible for acquisition of the Im-
pedance Cardiograph. The listing, undoubtedly, does not do
justice to the many colleagues associated with each project.

Dr. Smith submitted a detailed report along with their
data. This report is intended as a first draft of a manuscript
for publication. Dr. Greenfield submitted a reprint of pub-
lished data along with additional data subsequent to the

publication. These two reports are included in their entirety.
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These data are not included in the following group.

The other investigators submitted an amazing amount of
data in a very short time. Consequently only a brief descrip-
tion of the details of each study is avilable. All data are
tabulated as submitted from each laboratory. In addition,
we have computed impedance to standard method ratios of cardiac
output. When possible we also calculated the mean of these
ratios for each individual or each patient. The mean ratio was
then used to correct the impedance cardiac output values. Each
set of data was then plotted in two ways; a) the absolute values
as submitted from each laboratory and b) the individual correc-
ted impedance values plotted against the values by the standard
method. A total of 220 simultaneous comparison values were
obtained from these laboratories. These points are presented in
a combined graph in figure II-1 and the combined graph with the
individual corrected impedance values are presented in figure
IT-2. This procedure was used in order to provide a rapid
picture of the comparison data. It has been suggested that the
impedance method would improve in its usefulness if even one or
two simultaneous determinations of cardiac output by the im-
pedance method and by some standard method could be obtained to
first, in effect, calibrate the individual. This should then
improve the reliability of the impedance method for prolonged
observation of cardiac output and relative changes in cardiac
output in situations where catheters could not be maintained in
place for long periods of time.

An extensive statistical study of these data has not been
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attempted since a symposium is planned where each investigator
will be invited to present his own data in more detailed form.
Most investigators have indicated that more data will be
available at a later time.

It has become apparent that certain valvular disorders
may distort the AZ and consequently the (dZ/dt) waveform and
thus make the calculation of stroke volume by the impédance
method difficult. Consequently some of the data presented may
have been altered by these difficulties.

In other cases no obvious reason could be presented for the
differences between the impedance and standard method values of
stroke volume or cardiac output.

Dr. Smith et al. reported a high correlation between the
absolute values of cardiac output by the impedance and dye
dilution methods during passive tilt experiments. Their nor-
malized data do not show as good a correlation as the absolute
values. If the mean of the Z to Dye ratios had been used rather
than the first values in each experiment the effect of random
variations may have been reduced.

As indicated by Dr. Greenfield and others, more research
and experience is needed to improve the formula used to calculate
stroke volume by the impedance method.

An enormous need still exists for a simple atraumatic
technique to determine several parameters of cardiac function.
Further investigation of all possible applications of the im-
pedance system to cardiovascular physiology is justified in view

of the progress that has been made during a very brief field trial.
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Principal
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Division of Cardiology
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Baylor University
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Standard Method
Utilized ‘

Cardiogreen indicator
dilution

Pressure gradient technic
for instantaneous S.V. Car-
diogreen indicator dilution

Isotope indicator dilution

Direct Fick Cardiogreen
indicator dilution

Cardiogreen indicator
dilution

Direct Fick

Cardiogreen indicator
dilution

Cardiogreen indicator
dilution

Cardiogreen indicator
dilution

Cardiogreen indicator
dilution

Cardiogreen indicator
dilution

20

Intervention

Isuprel infusion

Electrical pacing
Isoproterenol infusion

Supine bicycle exercise

Supine bicycle exercise
Isuprel infusion

Electrical pacing

Isuprel infusion

Anesthetized patients-
effect of nitrous-oxide
on halothane anesthesia

Shock
Isuprel infusion
Angiotension

Isuprel

Inhalation-100% 02

70° passive tilt

Supine bicycle exercise
Isuprel infusion

Material

patients

patients

volunteers

patients

patients

patients

patients

patients

patients

volunteers

patients
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A TRIBUTE

Dr. John E, Bush, age 33, Associate Professor of Engineering and
senior author of this paper died in a hunting accident on October 13, 1968,
This project, on which he worked with infectious enthusiasm, was carried
out with spirit, thoroughness and imagination and with his characteristic

zeal for getting at the root of the problem,

From the give and take in the research lab, from the joint efforts
to get the data and the often noisy discussions of what the data really
meant, he came through to us as a person unfailingly considerate of his

fellow man, with little pretense and much compassion,

Accordingly, we who knew him and worked with him are proud to

dedicate our continuing efforts in this project to John Bush-=-scientist,

colleague, friend,
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It is our intent in the following to document our experience with
the Minnesota Impedance Cardiograph during a study of human responses
to graded circulatory stress and specifically to a standard head-up

tilt test,

The two main components of any circulatory response are central or
cardiac, and peripheral, The scarcity of practicable methods for the
measurement of stroke volume and cardiac output is well known; even
scarcer are methods which are applicable to intact, unanesthetized human

subjects during the application of stress,

Although transthoracic impedance has been previously suggested for
the biological measurement of volume and flow, particularly in respira=
tion (1,2), only recently has a serious effort been made by Kubicek,
Kinnen and their colleagues (3,4,5,6) to adapt electrical impedance to
cardiography, These studiqﬁ'have indicated that upon the passage of a
constant sinusoidal current across the chest there are impedance changes
which are synchronous with the cardiac cycle and that the first deriva-
tive of the main impedance wave seems to be a predictable function of
aortic blood flow (3)., Comparison of impedance-calculated cardiac output
with a standard dye-dilution method yielded good agreement in the case

of the dog (4) and satisfactory correlation in the human (3).

However, recent evidence on the validity of the impedance method
in cardiography has been somewhat conflicting, Harley and Greenfield (7)

tested the Minnesota instrument in normal individuals and cardiac patients
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and found the impedance-calculated output relatively unsatisfactory, at
least in certain cardiac disorders; they added however that the method
has potential value and deserved further evaluation, Hill et al.
presented a rather gloomy picture of the usefulness of electrical imped-

ance plethysmography, primarily on theoretical grounds (8).

On the other hand, Coleman et al, (9) found impedance cardiography
to be a useful tool in their study of cardiodynamic responses of tﬁe
human to heat and reported good agreement in the dog between the
impedance~-predicted cardiac output and aortic flow‘as determined with
the electromagnetic flowmeter, Siegel and Fabian (10) believe that the
first derivative of the impedance wave (dz/dt) provides valuable infor-
mation on the development of ventricular pressure (maximum dp/dt) and
suggested that this parameter may be a valid estimate of myocardial
contractile force in the intact animal or human; this possibility was
originally'suggested by Kubicek (4). Recent reports by Namon and
Gollan (11,12) have further indicated that, in the dog, the trans-
thoracic impedance was an effective measure of stroke volume and that
in their view the reactive impedance component is considerably more

useful in this regard than the resistance fraction,

The possible utility of a non-invasive and easily adaptable method
of measuring cardiac output in the intact human prompted us to conduct
the present investigations with two primary objectives in mind: 1) To
determine the validity of the transthoracic impedance method for the
measurement of cardiac output in the intact human and 2) to determine
its usefulness in studying the response of the cardiovascular system to

a standardized postural stress,
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Methods and Procedure

The present study was carried out in three phases:

Serieg I: The Determination of the Validity of the Impedance
Method for Cardiac Output--Eight normal male subjects, 20-26 years of
age, were used in these experiments, Simultaneous cardiac output
determinations were made with dye-dilution and the impedance method
in the supine position, at various stages of a 20-minute, 70° head-up
tilt, and during the subsequent supine recovery period, In this series,
the subject when tilted stood on a footboard, i.e., the body weight was

transmitted to the feet,

These experiments were performed in the Catheterization Laboratory
of the Research Service of the Veterans Administration Hospital under
the direction of Dr, Tristani, After infiltration of local anesthetic,
a disposable polyethylene needle was inserted into the right brachial
artery and a venous catheter into a right antecubital vein, Indicator-
dilution curves were obtained following bolus injection of 5 mg of
Indocyanine green into the antecubital vein while continuously withe
drawing blood from the arterial needle through a Gilford pump and a
Gilford densitometer, The curves were inscribed on an Electronics«for-
Medicine DC amplifier and recorder, Cardiac output was calculated
using the standard Stewart-Hamilton method, The transthoracic impedance
wave and the first derivative of the impedance wave were simultaneously

recorded on the same instrument,

Series II: A Study of Cardiorespiratory Responses to Postural
Stress with Hip Suspension--In these experiments, normal males, 20-26

years of age, were subjected to a 20-minute vertical tilt involving
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pelvic suspension on a bicycle seat; the legs of the subject were
unsupported, The seat was fixed to the tilt table so the subject could
be passively shifted from the supine to the suspended position, Twelve
experiments were done on eight subjects; in four cases, the test was
repeated in the same subject at an interval of about one week in order

to study the repeatability of the responses, In this series, precordial
ECG and tachograph (Model 5P4, Grass Instrument Co,, Quincy, Mass,)
recordings were made in addition to impedance, Systolic and diastolic
blood pressures were automatically recorded through a microphone pickup
of the Korotkoff sounds as previously described (13), Pulmonary alveolar
CO, tension was monitored with a Beckman gas analyzer (Spinco Model LB-1),
ventilatory volume with a wide bore, low resistance, differential
pressure gas flowmeter and respiratory rate by fluctuations of this flow-
meter record, All of these variables were recorded simultaneously on

two Grass Polygraphs (Model 5, Grass Instrument Co,, Quincy, Mass,.).

Series III: A Study of Impedance Cardiographic Responses to
Postural Stress in the Passively Tilted, Standing Subject--In this series,
normal males, 20-26 years of age, were placed in a 70° head-up position
with body weight transmitted to the feet., The procedure for this series
was similar to that in Series I except that no arterial or venous

punctures were made,

In all experiments, the general procedure was similar to that
previously described (13), i.e,, the room was darkened and kept quiet,
the subject was instructed to keep his eyes closed and relax and the

room temperature was held at 75 ¥ 3°F, The signal from the cardiograph
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was recorded at several minute intervals throughout the test; during
recording of the impedance signal, the subject was instructed to "exhale
in the ordinary way and hold the breath without bearing down", This was
done to minimize the effect of respiration on the impedance signal as
recommended by Kubicek (4) and to reduce the tendency of the subject to

a Valsalva maneuver,

Impedance Recordings

The Minnesota Impedance Cardiograph, Model 202, used in this study
is a four-electrode, impedance plethysmographic system developed to
monitor left ventricular output (4). Two band electrodes (3M tape) were
placed around the subject's neck and separated by 2 cm; a third was placed
around the thorax 1 cm below the xiphisternal joint, and the fourth
around the lower abdomen, The electrode placements are illustrated in
Figure 1, The upper neck and abdominal electrodes were excited by a
100 KHZ constant sinusoidal current and the resulting voltagé (proportional
to the magnitude of impedance changes) was monitored from the inner two
electrodes, Previous work has indicated that the first derivative of
thé impedance signal is functionally related to the stroke volume of the
heart, Kubicek states that the relationship appears to be more consistent
for relative changes than for absolute determinations (4); hence, in most
of our studies relative (normalized) impedance values are presented as

well as the absolute values,

The form of the impedance signal as recorded from the cardiograph
is shown in Figure 2, The right half of the recording contains the
calibration signals and the left half contains the actual impedance

signal, The upper channel shows the change in thoracic impedance (AZ)
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while the middle channel indicates the time derivative of the impedance
wave, i.e,, dz/dt, On the lower channel is the ECG from modified bipolar
chest leads, The method recommended for calculating stroke volume in

milliliters involves the following equation (4):

L? _|dz
&V = o T| T

o e o o [1]
max

where p = blood resistivity (= 150Q-cm)

mean distance between inner electrodes (cm)

Zg = basic impedance between the two inner electrodes
T = ventricular ejection time as described in Figure 2
d . .
3% = magnitude of peak value of impedance signal (see Fig. 2)
max ‘ '

The above equation is based on a model which assumes that the change in

the impedance signal is due to a change in volume of a cylinder of blood
of length, L (pure resistance), which conducts current in parallel with

the other thoracic elements, For calculating relative changes in stroke
volume, Eq. 1 is normalized with respect to a reference value, [AV]r

so that

AV

NSV =
[av],

0000[2]

Similarly, the normalized cardiac output (NCO) is calculated as:

AV x HR

NCO =
[aV x HR]r

.0.0[3]

where HR is the heart rate,

The values for T, dz and HR used in the above equations were taken

t
max
from the impedance signals and averaged for five heart beats whenever

possible, The impedance signals were recorded at 2-3 minute intervals at
a paper speed of 50 mm/sec, In most cases, the reference values, [ ]r,

are averages of the last readings prior to tilting,
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Results

Series I: Validity of the Impedance Method

Values obtained during simultaneous determinations of stroke
volume (SV) and cardiac output (CO) are plotted in Figures 3 and 4 and
the respective normalized values, i.e,, ratios, in Figures 5 and 6, In
the latter instances, the first resting supine value for each individual
was used as a reference for the determination of the proportional
stroke volume (or cardiac output) for the remaining determinations
with that method in that subject, There was good correlation between
the absolute values for SV and CO but lesser correlation between the
relative ones, In order to determine if there was a systematic tendency
for one method to read higher or lower than the other, ratios of
impedance (Z) CO/dye~dilution CO were calculated for each set of deter-
minations and the results are shown in Table 1, Certain subjects had
relatively higher impedance values and others lower ones but the mean
ratio of 1,09 indicated a small tendency toward overestimation of the
CO with the impedance method, The supine or vertical position did not

seem to appreciably affect the ratio,

Series II: Study of Cardiovascular Responges to Vertical Hip Suspension

In Figure 7 are shown mean values for heart rate, normalized stroke
volume and cardiac output, systolic and diastolic blood pressure and
total peripheral resistance (TPR) before, during and after the 20-minute
suspended tilt, The data show that incident to tilt there is a rise
in heart rate, a fall in stroke volume and cardiac output, and a rise in
diastolic pressure with a slight decline in pulse pressure, These results

are similar to those previously reported in passive head-up tilt (13).
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The TPR was calculated as the quotient of the mean arterial blood
pressure (DP + 1/3PP) and the cardiac output. By having the pretilt
value for each individual serve as his own control, the relative total
peripheral resistance ratios were calculated during the different parts
of the experiment for each of the subjects, The mean values indicate
a rise in TPR during tilt which is the expected response, The usual
small rise in mean arterial blood pressure during the tilt, and the
almost universal fall in cardiac output result in a significant rise

in the calculated resistance quotient,

There was a great deal of individual variation in the pattern of
the circulatory response to the tilt, For example, the blood pressure
records of subjects M,Bo, (Fig. 8) and J.Ki, (Fig. 9) were quite similar
but the central and peripheral mechanisms to maintain the pressures
were evidently very different in the two cases, Subject M,Bo., (Fig. 8)
had very little decrease in cardiac output and only a modest rise in
heart rate so that there was relatively little change in total peripheral
resistance, Subject J.Ki, (Fig. 9) had not only a more marked response
in heart rate but also a sharp persistent fall in cardiac output, A
marked vasoconstriction to a sizable‘tissue mass was obviously required
in this case to maintain the blood pressure, The availability of
impedance cardiographic data is most advantageous for analysis of such

mechanisms,

The impedance cardiographic data which was available also permitted
the calculation of additional auxiliary data useful in analyzing
circulatory function, In Figure 10 are shown mean values for the

amplitude of the derivative of the impedance wave (dz/dt) (in absolute
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and relative units) and the ejection time index (ETI) which was calculated
according to the method of Weissler et al. (14) using the formula:
ETI = T + 0,0016 HR, Since neither the phonocardiogram nor the carotid

pulse was recorded during this study, the ejection time (T) from the

impedance signal was used,

The height of the impedance derivative may provide information
comparable to dp/dt in the aorta and as such, furnish an approximate
measure of cardiac contractile power (4); the prevailing tendency during
tilt was toward a decline in dz/dt, The mean values for ETI decreased
during passive tilt (Fig, 10) but the absolute values-~both during the
control and tilt periods--were less than those previously reported (14).
It is not certain at this time whether this disparity is associated

. . time
with the use of the 1mpedanceAe¥% in our study or to other factors.

Variations in the R-AZ interval (period from the R wave of the ECG
to the ejection of blood into the aorta) includes the time of ventricular
electromechanical delay but in the main represents alterations in the
time of isometric contraction period (4). Mean values for these deter-
minations during suspended tilt are also shown in Figure 10 and indicate

a distinct prolongation during postural stress,

Series IIT: Study of Impedance Cardiographic Responses to Head-up Tilt

with Feet Supported

In the final series, eleven normal males were subjected to 20 minutes
of 70° head-up tilt which involved quiet standing with feet resting on a
footboard so that the body weight was directly transmitted to the lower

extremities, The mean values for heart rate, stroke volume and cardiac
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output (absolute and normalized) are plotted in Figure 11, The compari-
son of the cardiovascular responses to footboard tilt (Fig., 11) and to
hip suspension tilt (Fig. 9) indicate that the responses were very
similar; comparison of records in individuals who underwent both types

of stress indicated a tendency for more marked response in the case of
the footboard tilt as evidenced by a greater increase in heart rate and
a more marked fall in cardiac output, This finding was rather unexpected
since the suspension of the body without support to the lower extremities
is almost universally considered to be a more severe stress., This

question however requires further investigation with additional subjects,

Discussion

The rather high correlation of absolute values for stroke volume (SV)
and cardiac output (CO) derived from the two methods was somewhat
surprising since previous reports had emphasized that impedance is
useful primarily for determining relative changes in cardiac output (4,7).
Kubicek, in his dog experiments, found good agreement between cardiac
output (Z values) and aorti¢ flows as determined with the electromagnetic
flowmeter, However, the regression slopes were different for different
animals which would indicate that absolute values for impedance changes

are not likely to be comparable from one individual to the other (4),

Nevertheless, the correlation coefficients obtained in our study
were high, suggesting that further exploration of impedance as a measure
of cardiac output would certainly be warranted, Two factors might be

taken into consideration in evaluating our results, Firstly, our study
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was done in resting and posturally stressed subjects in which the cardiac
outputs were almost invariably normal or subnormal and only rarely
increased, It is possible that the impedance method is more reliable
when used within the normal and low range of cardiac output rather than
at the higher lvels, Visual inspection of our scattergrams (Figs. 3,4,

5 and 6) suggests that the correlation of absolute values was about

the same at low outputs as at high outputs, However, the correlation of
normalized stroke volumes seemed to be less in the lower output range
dlthough our "n'" was relatively small for such an analysis. Previous
efforts at validation have indicated a greater dispersion of values when
cardiac output was increased with exercise or isoproterenol injection (3,7);
a second possible factor in our study was the apparent improvement in the
instrument since the report of Harley and Greenfield (7). In addition

to the direct readout of the derivative (dz/dt), we have been favorably
impressed with the applicability of the instrument for laboratory use,
The output signals are in the neighborhood of 0.5 volts and can be

easily recorded, The 3M electrode tape is easy to apply and produces
little discomfort to the subject if it is not applied too tightly. Contact
resistances were not checked but no problems were encountered with the
electrode tape, The electrode locations did not interfere with other
instruments typically used, Electrocardiogram electrodes can be applied
between the impedance electrodes without affecting either signal as long

as the ground for the ECG is below the fourth impedance electrode.

The study of the circulatory responses of normal male subjects to
postural stress in the form of a 20-minute hip suspension indicated

considerable individual variation-~-which has been the experience of most
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investigators in this area, Additional cardiac data~-such as may be
obtained with the impedance cardiograph-~could be very helpful in
exploring the factors underlying these differences as it was in this

study,

Impedance cardiographic information also yields the possibility
of additional derived data for the assessment of physiological perform-
ance as exemplified in Figure 10, Obviously the validity of such derived
data will depend upon further substantiation of the impedance data itself;
nonetheless, the assessment of characteristics such as ventricular

contractility represents a very interesting potential, ~

Because of its relative practicability, the instrument may be used
to study repeatability of response in the same subject, When we compared
the records of repetitive tilt-saddle experiments, there appeared to be
repeatable patterns of response in stroke volume, cardiac output, heart
rate, blood pressure and TPR characteristic of the individual, This
very important problem needs to be studied with considerable care and
with greater precision, The main point however is that the cardiograph
provides a means of obtaining more detailed useful cardiovascular data
on individual response to repeated stress--which represents a very

important need in human stress physiology,

The atraumatic nature of the procedure is a significant advantage.
Although the availability of well-trained subjects and skillful
techniques will permit laboratory use of indwelling catheters, a non=
invasive and convenient method such as impedance cardiography represents

a very real potential advance in experimental and clipical physiology.
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It is well known that intravascular manipulation often causes a significant
hypotensive stress (15,16,17), It is evident however that before impedance
cardiography can achieve full usefulness in human research, a good deal

of additional work will be required, not only to determine the validity

of absolute and relative impedance measurements but to discover the
limitations and reservations within which the method can yield useful

information both in- the normal subject and the cardiac patient,

From a technical standpoint, it would seem profitable to explore
further the possibility suggested by Namon and Gellan (11,12) that
reactive impedance may have greater utility for blood flow measurements
than resistive impedance., Another aspect for further research is the
apparent necessity for respiratory apnea during the recording. This is

a distinct disadvantage,

Finally, it might be well to explore further the role of heart
rate and its practical role in the use of the cardiograph., Tachograph
recordings in human experiments illustrate the rapid fluctuations in
rate, especially during stress, While stroke output can be a useful
physiological parameter, perhaps automatic averaging over a longer
period than 5 to 10 beats would be advantageous, The question also
arises as to whether longer periods of determination might increase the

usefulness of the instrument during respiration,
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Summagx

The Minnesota Impedance Cardiograph, Model 202 was used to investigate
1) the validity of impedance plethysmography as a measure of cardiac
output and 2) its practicability and value for the study of circulatory
stress in the intact human, A comparison of thirty-five simultaneous
determinations of cardiac output with the impedance method and with
ordinary dye-dilution techniques was made in eight normal male subjects,
The correlation coeffients (r) for the absolute values were +0.91 for
cardiac output and +0,82 for stroke volume., For relative changes--with
each method serving as its own control--the correlation coefficients were
+0,57 for normalized cardiac output and 40,63 for normalized stroke
volume, Twenty-minute hip suspension of normal subjects caused an
increase in mean values for heart rate, decrease in cardiac output, slight
elevation of diastolic blood pressure and distinct elevation of the
total peripheral resistance., These changes were all quite comparable
to those previously observed by other investigators, The recording of
central cardiovascular events gives useful insight into the mechanism
of circulatory response in the intact human under stress. Impedance
recording also provides the opportunity to derive auxiliary data such
as the amplitude of the impedance time derivative, the left ventricular
ejection time index and the R-AZ interval--all of which may be useful

in determining cardiac dynamics,

It is our opinion that the potential value of the impedance
cardiograph for research and clinical use is considerable, It would
seem as if such a potential would warrant further intensive efforts,
not only to determine the basic validity of the procedure, but to further

improve its applicability and utility,
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TABLE 1
Z-CALCULATED CARDIAC OUTPUT

RATIOS OF 1 UE CALCULATED CARDIAC OUTPUT
(N = 35) .
Supine -
A (post~
Supine (pretilt) tilt )
_Subject No. +5min +10min T + 5min T + 15 min +5 min Mean
1 1.12 1.43 1.19 0.860 1.33 1.27
2 0.96  0.99 0.88 1.14% 0.84  0.81
3 0.93 0.74 1.03 1.16°  0.99
4 1.08 1.11 0.96  1.01 1.06
5 0.83  1.08 1.04 1 0.99 0.98
6 0.80 0.99  1.28¢  0.72  0.84
7 1.42 1.26 1.13 1.757 1.51 1.32
8 1.17 1.38 1.20 1.17 1.16 1.33
Mean Ratio 1.04 1.23  1.03 AWl 1.09  1.09

£0.19
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TABLE 2

VALUES FOR Z~-CALCULATED AND DYE-CALCULATED STROKE VOLUMES

Z Method Dye Method Normalized Data
SV Co SV co NSV- NSV NCO NCO

Subject Time (ml) HR  (L/min) (ml) HR (L/min) Z Dye Z Dye
1. D.Jo, CH + 5* 91,0 67 6,10 79,2 69 5.46

CH + 10! 108.0 68 7,34 74,8 68 5.09 1,19 0,94 1,20 0,93

T + 5 51,8 83 4,30 40,7 88 3.58 0,57 0,51 0,70 0,66

RH + 1' 110,0 56 6,16 81,5 56 4,56 1,21 1,03 1,00 0.84
2, T.Ba, CH + 5¢ 70.4 63 4,44 74,6 62 4,62

CH + 10! 68,5 62 4,25 76.3 56 4,27 0,97 1,02 0,96 0,92

T +« 11! 45.4 72 3,27 52,7 70 3,69 0,64 0,71 0,74 0,80

T+ 17" 44,8 71 3,18 53.6 69 3,70 0,64 0,72 0,72 0,80

RH + 5 71,4 54 3,86 84,0 55 4,62 1,01 1.13 0,87 1.00
3. W.Ma, CH + 5! 111.6 63 7.03 111.,4 68 7.b8

T + 5¢ 70,3 65 4,57 86,1 72 6.20 0,63 0,77 0,65 0,82

T + 15 70,7 76 5,37 65.1 72 4,69 0,63 0,58 0,76 0,62

RH + 15 117.5 66 7.76 101.0 66 6,67 1,05 0,91 1,10 0,88
4, FMi, CH + 5! 166.4 62 10,32 158,7 60 9,52

T + 5¢ 109.5 69 7.56 103.0 66 6,80 0,66 0,65 0,73 0,71

T + 10°* 100,8 72 7.26 97,5 72 7,02 0,60 0,61 0,70 0,74

RH + 5! 164,3 64 10,52 152,6 68 10,38 0,99 0,96 1,02 1,09
5. SMo. CH + 5° 111,5 67 7.47 124,6 72 8,97

CH + 15! 141,0 61 8,60 113.4 70 7.94 1.26 0,91 1,15 0,88

T + 5! 63,8 82 5.23 60,3 84 5.06 0,57 0.48 0,70 0,56

T + 15¢ 60,7 85 5.16 63,9 84 5,37 0,54 0,51 0,69 0,59

RH + 5°? 130.,2 59 7,68 110.6 70 7.74 1,17 0,89 1,03 0,86
6. W.Wa, CH + 5 109.,9 78 8,57 127,5 84 10,71

T + 5 78.6 95 7.46 83,3 90 7,50 0,72 0,65 0.87 0,70

RH + 5! 70,2 97 6,81 105.,4 90 9,49 0,64 0,83 0,79 0,89
7. ASp. CH + 5! 81,2 78 6,34 67.9 66 4,48

CH + 10 92,9 70 6,51 74,0 70 5.18 i,14 1,09 1,03 1,16

T + 5¢ 56,5 87 4,92 48,4 90 4,36 0.70 0,71 0,78 0,97

T + 15¢ 48,9 93 4,55 39,4 90 3.55 0,60 0,58 0,72 0,79

RH + 5! 94,5 69 6,52 65.6 66 4,33 1,16 0,97 1,03 0,97
8., JeHo, CH + 5° 90,6 63 5.71 68,0 72 4,90

CH + 10! 86,9 70 6,09 64,6 68 4,39 0,96 0,95 1,07 0,89

T + 5! 43,2 93 4,02 37.4 90 3,36 0,48 0,55 0,70 0,69

T + 10 61,9 88 5.45 34,5 90 3.11 0,68 0,51 0,95 0,63

RH + 5! 90.4 62 5,60 64,3 75 4,83 1,00 0,94 0,98 0,98
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Footnotes for Table 2

CH + 5'

control horizontal + 5 min (determination made 5 min
after subject assumed control supine position)

T + 5!

tilt + 5 min (determination made 5 min after subject
was passively tilted to 70° upright position;
ordinarily subject was tilted after 15 min in the
control horizontal position)

RH + 5' = recovery horizontal + 5 min

SV = stroke volume (ml)

HR = heart rate (for dye method, average rate during curve;
for Z method, average rate of five beats)

CO = cardiac output (L/Min)

Basic data for cardiac output determinations were taken
simultaneously for dye dilution by Dr. Tristani and his assistants
and for impedance method by Dr. Wiedmeier and his team; re-
spective calculations were made and submitted independently by
the two groups. These data are shown in Figures 3 and L.

Normalized values indicate that the first resting supine
value for each subject was used as a reference for the deter-
mination of the ratio of stroke volume or cardiac output for
the remaining determinations with that method in that subject.
Data graphed in Figures 5 and 6.
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Determination of Cardiac Output in Man by
Means of Impedance Plethysmography

A. Hariey, M.B,, M.R.C.P,, and JosepH C. GREENFIELD, Jr., M.D.

An electrical impedance plethysmographic method employing
cervical and lower thoracic electrodes and an indicator dilution
technique were used to record cardiac output simultaneously in
13 normal subjects during a control period and following an
infusion of isoproterenol. A correlation coefficient of r — 0.68
was found for these 26 paired values. In addition cardiac output
was measured simultaneously in 24 patients with various types of
heart disease by an indicator dilution technique and by imped-
ance plethysmography. The correlation coefficient between these
determinations was r = 0.26. In six patients with atrial fibril-
lation impedance stroke volume was found to be directly pro-
portional to the preceding cycle length. Satisfactory correlation
was found between stroke volumes estimated by impedance
plethysmography and by direct measurement using the pressure
gradient technique in two patients with mitral stenosis and atrial
fibrillation. Although the later results are somewhat encourag-
ing, from these preliminary findings it is felt that the current
impedance plethysmographic methods as employed in this study
are not refined to the point that clinical application is war-
ranted. However, since this method has potential value as an
atraumatic method for determining cardiac output and stroke
volume, it deserves further evaluation.

T HAS LONG BEEN KNOWN that the electrical

impedance of the thorax of both man and animals
varies regularly during the cardiac and respiratory
cycles. As the movement of blood into, out of, and
within the thorax is the most obvious result of cardiac
contraction, attempts have been made to relate these
observed changes in impedance with stroke output.
Kubicek and co-workers postulated that the maximum
rate of decrease in electrical impedance which occurs
during the initial part of cardiac systole is related to
ventricular stroke volume.?® Comparison of impedance

From the Department of Medicine, Division of Cardiology,
Durham Veterans Administration Hospital and Duke University
Medical Center, Durham, North Carolina.

Dr. Greenfield is the recipient of a Career Development Award
(1-K3-HE-28, 112) from the U.S.P.H.S.

plethysmographic estimates of ventricular stroke vol-
ume with values obtained from the more conventional
Fick and indicator dilution methods by these investi-
gators have indicated at least a reasonable relationship
between cardiac output and electrical impedance
changes.* This report is a further evaluation of im-
pedance plethysmography as an atraumatic method of
estimating cardiac output in man, both by direct com-
parison with an indicator dilution technique and by
following the variation in stroke volume in patients
having atrial fibrillation.

METHODS

Simultaneous indicator dilution curves and imped-
ance records were obtained in 13 healthy male subjects
before and after an intravenous infusion of isopro-
terenol. Cardiac output was also measured simultan-
eously by indicator dilution and impedance plethys-
mography in 24 hospitalized patients with heart dis-
ease ‘who were undergoing diagnostic studies or treat-
ment at the Durham Veterans Administration Hospital.
The clinical diagnosis of these patients are shown in
Table I. Six of the patients had atrial fibrillation and
in two of these stroke volume was compared to simul-
taneous direct measurement of stroke volume by the
pressure gradient technique.*®

A Model 2110 Medtronic impedance bridge*®* was
used with a four-electrode system to obtain the im-

*The pressure gradient technique is so far the only reported
method for obtaining instantaneous aortic blood flow in man un-
der physiological conditions. Briefly, it involves the extremely
accurate measurement of the instantaneous lateral pressures at
two points in the ascending aorta with a double lumen catheter.
The difference between these pressures is an approximate meas-
ure of instantaneous pressure gradient from which the blood flow
may be computed by simple analog computer methods.

#%* Medtronics, Inc,, 3055 Old Highway 8, Minneapolis, Minn.
55418,

Reprinted from Aerospace Medicine, Vol. 39, No. 3, March, 1968
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pedance measurements. The electrodes were of the
type described by Kubicek and co-workers.* A cervical
collar contained the upper pair of electrodes. The third
electrode was placed around the thorax two finger
breadths below the tip of the xipho-sternum and the
fourth electrode 5 cm caudally. The electrodes were
applied some ten or more minutes before use. Care
was taken to insure that contact to the chest and neck
was even but not tight. The distance, L, between the
two inner electrodes was measured as accurately as
possible in centimeters in the mid-coronal plane. The
impedance between the inner two electrodes was meas-
ured while a 100 ke. excitation frequency was applied
to the outer pair of electrodes. All measurements were
made during relaxed mid-expiratory apnea. In many
over cooperative subjects some practice was required
before relaxation could be consistently achieved rather
than the subject performing a Valsalva or a Muller
maneuver. Heart sounds were recorded with a Shure
Model SP-3S crystal microphone® applied either to
the second or third left interspace at the left sternal
edge, wherever best definition of the second heart
sound was obtained. The impedance change signal
from the inner two electrodes was displayed on an
oscilloscope and recorded by a Honeywell Visicorder
together with the electrocardiogram and the phono-
cardiogram. In some patients the carotid pressure pulse
was also measured with an externally applied trans-
ducer.

The value of the maximum impedance change for
each beat was determined graphically as shown in
Figure 1. The stroke volume was calculated from this
value by the formula given by Kubicek and co-workers.*

TABLE 1. COMPARISON OF INDICATOR DILUTION AND
IMPEDANCE DETERMINATIONS OF CARDIAC OUTPUT IN 24
PATIENTS WITH ACQUIRED HEART DISEASE

Indicator Dilution Impedance
Patient Age Cardiac Output  Cardiac Output
No. Yrs. Diagnosis L/min L/min
1 53 Mitral Stenosis 2.16 3.52
2 45 Mitral Stenosis 2.65 4.12
3 63 Mitral Stenosis 2.61 4.41
4 36 Mitral Stenosis and Insufficiency 4.95 7.94
5 46 Mitral Insufficiency and Stenosis 3.37 4.29
6 40 Mitral Insufficiency and Stenosis 4.47 4.31
7 52 Mitral Insufficiency 2.91 8.30
8 38 Mitral Insufficiency 5.97 8.38
9 72 Mitral Insufficiency 3.57 3.29
10 42 Aortic Stenosis 4.89 5.00
1 45 Aortic Stenosis 532 5.18
12 38 Aortic Insufficiency and Stenosis 6.30 12.00
13 35 Aortic Insufficiency 4,92 11.35
14 31 Hypertensive Heart Disease 4.26 3.60
15 43 'Hypertensive Heart Disease 4.68 3.28
16 33 Hypertensive Heart Disease 4.99 3.72
17 46 Hypertensive Heart Disease 6.06 3.37
18 44 Hypertensive Heart Disease 5.82 7.56
19 54 Chronic Lung Disease 8.28 3.05
20 45 Chronic Lung Disease 4.30 6.07
21 57 Chronic Lung Disease 4.82 2.85
22 40 Idiopathic Atrial Fibrillation 2.89 3.98
23 32 Idiopathic Myocardial Hypertrophy 3.19 3.7
24 54 Ischaemic Heart Disease 6.06 7.60

#*Shure Brothers, Inc., Evanston, Illinois.

L2

AV = AZ
Z*

Where AV represents the stroke volume in cm?, L the
distance between the inner pair of electrodes in cm, Z,
the value of the baseline impedance between the elec-
trodes in ohms, and AZ the measured maximum imped-
ance change. p is a constant (150 ohm cm) represent-
ing the electrical resistivity of blood at 100 kc. Im
calculating the impedance cardiac output determina
tions the average stroke volume was taken as the mean
value from 10 consecutive heart beats.

Indicator dilution curves were obtained following
injection of indocyanine green with a Colson Gilford
Densitometer. In the patients undergoing diagnostic
cardiac catheterization the dye was injected into either
the right ventricle or the main pulmonary artery and
sampled from a brachial artery. In the other subjects
the dye was injected into a median cubital vein and
arterial blood was sampled from a brachial artery.
When simultaneous indicator dilution curves were
made, the impedance changes were recorded after the
injection of dye but immediately prior to and during
inscription of the dye curve. Both were therefore re-
corded in the same phase of held respiration.

RESULTS

The impedance wave form in normal subjects and in
most patients resembled that shown in Figure 1. How-
ever, in some patients with valve disease there were
considerable variations especially in the size of the

—_

Carotid Pulse =~

Phono. «i

Imp. \

r
ol l '
Ohms \/ 1
L v
i
Fig. 1. From the top downwards, the carotid arterial pres-

sure pulse, phonocardiogram and impedance signal (an upward
deflection denotes a decrease in thoracic impedance). The ini-
tial upward slope is extrapolated as far as the pulmonic com-
ponent of the second heart sound. The total height of this slope
represents the AZ used in equation 1 to compute stroke volume.

Aerospace Medicine o March, 1968 949
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diastolic waves. Simultaneous measurement of cardiac
output by impedance plethysmography and indicator
dilution before and after isoproterenol in the 13 normal
subjects provided a comparison of the two methods in
estimating absolute resting cardiac output and estimat-
ing the size of a change in cardiac output. Twenty-six
paired values for cardiac output were obtained (Figure
2} and were subjected to regression analysis. The mean
indicator dilution control cardiac output was 6.3 L/min
rising to 9.5 L/min following the infusion. The ratio
of the cardiac output computed from impedance
plethysmography to that measured by the indicator
dilution technique was 1.34 during the control state
and 1.23 following the isoproterenol. This difference
was not significant (P > 0.2). The regression equation
was: Impedance cardiac output = 2.93 + 0.86 X indi-
cator dilution cardiac output L/min (= SE 233 L/-
min), with a correlation coefficient of r = 0.68.

The results of simultaneous estimation of cardiac
output by indicator dilution and impedance plethys-
mography in the 24 patients with heart disease is illus-
trated in Figure 3 and listed in Table 1. A correlation
coefficient of r = 0.26 was obtained for these data. In
patients 7, 12, and 13 (Table I) the impedance esti-
mate exceeded the dye estimate considerably. Two of
these patients had significant aortic regurgitation while
one had mitral regurgitation with severe pulmonary
hypertension. In patient 12 and in a third patient with
aortic regurgitation in whom simultaneous indicator

20
18F ¥=283+086X(T233)L Min
r =068
[
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-
2
a.
=
2
o 12F
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=
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A 1 i 1 A 'l I
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Fig. 2. Comparison of cardiac output values given by im-
pedance plethysmography with those obtained by indicator dilu-
tion technique in thirteen healthy subjects before and after an
infusion of isoproterenol.

950 Aerospace Medicine o March, 1968

dilution cardiac output determinations were not made,
the impedance measurements were repeated on several
separate days. The impedance estimate of cardiac
output was always in the same high range. No patient
was studied with significant aortic regurgitation who
had a normal or low impedance cardiac output value.
In patients 10 and 11 who have aortic stenosis the im-
pedance and indicator dilution estimates of cardiac
output agreed fairly closely.

In six of the patients with heart disease associated
with atrial fibrillation, the impedance stroke volumes
for individual beats were compared to the length of the
preceding cardiac cycles, Figure 4. Impedance stroke
volume was found to vary with preceding cycle length
in the expected manner. Although the relationship
differed slightly in each patient, the correlations were
good in four of the patients but much less so for two
of the patients, both of whom had pure mitral stenosis.
In two patients (Number 1 and 2, Table I) impedance
stroke volume of individual beats was compared to
simultaneous direct measurements of the stroke volume
of the same beats by the pressure gradient technique.!
Figure 5 shows the relation of stroke volume estimated
by the impedance plethysmographic method and the
pressure gradient technique for individual cardiac cy-
cles. The correlation coefficients were r = 0.93 for one
patient and r = 091 for the other patient. It should
be noted that the absolute values for stroke volume
given by each method differ considerably.
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Fig. 3. Comparison of cardiac output computed by im-
pedance plethysmography with that obtained by indicator dilu-
tion technique in the twenty-four patients with heart disease
listed in Table 1.
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DISCUSSION

These preliminary findings in a small group of sub-
jects tend to support the concept that there may be a
‘direct relationship between the stroke volume and a
change in electrical impedance. However, in spite of
careful attention to the details of the technique, the
correlation between estimates of cardiac output from
the indicator dilution method and impedance plethys-
mography in normal subjects was poor. In similar
studies performed by Kubicek and co-workers* the cor-
relation appears to be much closer, but the form in
which their data is published precludes a direct com-
parison with our results. The widest scatter between
indicator dilution and impedance values was found in
those patients with heart disease. This finding may be
related at least in part to the cardiac abnormality. For
example, in the patients with aortic incompetence the
impedance cardiac output was unrealistically high.
Obvious differences in the shape of the impedance
wave form occur between patients, but to date we
have been unable to categorize pathological states by
the nature of the impedance curve. A better relation-
ship between stroke volume as given by the pressure
gradient technique and the impedance stroke volume
was noted in two patients with atrial fibrillation. Also

a fairly good correlation was found between filling time
and impedance stroke volume determination in six
other patients with atrial fibrillation. These findings
would suggest that for a short duration in a given
patient the present impedance plethysmographic tech-
nique may yield a reasonable index of stroke volume.

The reasons for the poor correlation noted in our
studies are obscure. Although we have noticed no sys-
tematic discrepancies in obese or thin subjects, it is
possible that the girth of the lower thorax or the neck
affect the impedance change for a given stroke volume.
Despite close attention to technique, variations in elec-
trode placement, respiration, and the shape of individ-
ual subjects also may be partly responsible. In addi-
tion, the formula used to compute the impedance stroke
volume is empirically derived and may well be wrong.
Clearly a considerable amount of research is necessary
before this technique can be considered ready for clin-
ical use. However, an accurate atraumatic method of
continuously measuring cardiac output and beat-to-beat
changes in stroke volume will be of extreme value to a
number of medical applications. This is particularly so
in physiological monitoring during real or experimental
flight conditions in selected subjects. For this reason
the impedance plethysmographic method is felt to
deserve further evaluation.
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Part III

AN INFLIGHT PROTOTYPE AND CLINICAL LABORATORY

IMPEDANCE ELECTRODE - CABLE HARNESS SYSTEM

Previous investigations by this laboratory (Kubicek et al.,
July 1967 Final Progress Report for Contract NAS 9-4500, Chapter
Two) have determined that an adhesive electrode fabricated from
metalized Mylar satisfied criteria concerning electrical
characteristics and subject comfort and convenience. The purpose
of this chapter is to describe an inflight prototype model
electrode-cable harness system which implements the Mylar elec-
trodes and is also applicable for the clinical or research
laboratory.

The use of a harness with the four-band electrode system
is desirable from the standpoint of maintaining the cable and
electrode system as near constant as possible during a given
experiment. Movement of the body electrodes due to varying cable
tension can cause artifacts on the impedance records which are
especially troublesome during dynamic experiments. With the
harness it is also possible to standardize the electrode place-
ment for a given subject.

The design criteria for the prototype inflight harness
model required ease of donning and doffing and use of a light-

weight durable material.
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Fig. 1 Wire carrier and belt

I. Design and Fabrication

The cable harness, shown in figure 1, is composed of two
parts, a vertical member called the wire carrier, and the
horizontal member or the belt.

Wire Carrier -~ the wire carrier is composed of 1" wide Dacron

fabric sewn with vertical and horizontal members. The vertical
portion is two thicknesses sewn together, with U4 wires
sandwiched in between the Dacron tape. Velcro hook material

is placed at the caudal end to secure the end with the belt.
The horizontal member of the wire carrier has Velcro pile and
hook material to secure itself in a loop loosely about the neck

as shown in figure 5.



Fig. 2 Cable to harness connector

Conventional miniature alligator clips are used at the elec-
trode end. Due to unavailability and lack of adaptability
of commercial connectors, a special connector was developed
for use at the cable end. Conventional miniature pin jacks
and plugs were imbedded in plexiglass blocks to form a male
and female connection as shown in figure 2. Note that this
connector is keyed and can only be mated in one position, thus
insuring that the four electrodes are correctly attached to
the impedance cardiograph (ZCG). A fifth connector, the
black pin jack seen in figure 2, is available for use as a
separate ground connection on the subject if required by the

experimental conditions or protocol.
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Fig. 3 Strain relief of cable by use of belt

Belt - The belt is made of conventional 2 inch wide Velcro
pile with a length of Velero hook sewn on. It secures around
the waist with the hook engaging the belt and sandwiching the
cable from the ZCG between the two as shown in figure 3.

This results in a strain relief for the connector and cables

under movement or exercise conditions.

Placement of Tape Electrodes and Harness on Patient

Body Electrodes - Figure U4 shows the tape-on electrodes in

place on a subject. The electrodes are numbered 1 through U4
from the neck down. Care must be taken to place electrodes
1 and 2 on the neck at least 3 cm. apart in order to obtain

an accurate Z, reading. Electrode 3 is at the level of the
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xiphisternal junction and band 4 is placed around the torso

near the lower abdomen.

Fig. 4 Disposable electrodes in place

Harness - The electrode harness is shown in place on a

subject in figure 5. The horizontal member of the wire
carrier is looped loosely about the neck and secured with

itself by means of the Velcro pile and hook material.
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Fig. 5 Wire carrier on subject

The belt is placed around the waist with the pile side turned
inward toward the body, as shown in figure 6. This Velcro
pile engages the Velcro hook from the wire carrier and
secures the caudal end of the wire carrier. An alligator
clip is attached to the tape electrode as shown in figure 7.
The tape should be bent back upon itself and the alligator
clip placed to engage both sets of teeth on the aluminum

conductor.



Fig. 7 Fastening of clip leads from wire carrier to electrode
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Evaluation and summary of results obtained from the cable

harness:

The harness has been used in our laboratory under various
conditions. It has proven very successful in exercise
studies to stabilize the electrodes and prevent cable
motion from pulling on the electrodes. It is presently
being utilized as standard equipment with the ZCG
cardiographs by the various research laboratories involved
in the evaluation study (chapter one). These laboratories
indicate that the harness has worked successfully and an
inflight model based on this prototype would appear to be

quite functional.
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Part IV

DIGITAL>COMPUTER PROGRAM FOR COMPUTING STROKE VOLUME AND
CARDIAC OUTPUT FROM THORACIC IMPEDANCE CHANGES
DURING THE CARDIAC CYCLE (ZCG)

A digital computer program was developed that calculates the
cardiac stroke volume, cardiac output and heart rate from analog
information received from a ZCG instrument. The program is able
to calculate the above parameters using only the first derivative
of the thorax electrical impedance signal and the mean thoracic
impedance. A total of 512 beats can be continuously calculated.
The output from the computer is either in printed form showing
the beat by beat values, four beat averages and normalized re-
sults or in graphic form using a digital plotter. The program
was developed for a Spear micro-LINC 300 computer in assembly
language.

Figure 1 shows a typical (dZ/dt) waveform recorded from four-
band electrodes on the thorax as was previously reported (final
report NAS 9-4500, July 1967). Shown in figure 1 are the points
on the waveform used in the calculation of stroke volume and
cardiac output. The stroke volume and cardiac output were

calculated using the formulas shown below

AV = pM2T (az/at) eq. 1
pZ 2 min :
[¢]
and C.0. = AV/T eq. 2
where AV = stroke volume (cc)

1]

resistivity of blood at 100 kHz and
37.5°C (150 ohm-cm)

p

L = mean distance between pick up electrodes (cm)
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Z, = impedance between pick up electrodes (ohms)

(daz/4t)_.
min

minimum value of the first time derivative of

Z(ohms per sec)

T = (TS_Tl) = ventricular ejection time as determined
from the dZ/dt waveform

T = the time interval between heart beats in minutes

C.0. = cardiac output (cc per min)

Figure 1 shows the minimum value of dZ/dt, Tl’ T,, and T.

3
The difference between Tl and T3 is the ventricular ejection
time. T1 is found by going back in time down the dZ/dt waveform
as shown in fig. 1 from (dZ/dt)_._ to .15(dZ/dt)_._ . This is
min min
done to eliminate from the ejection time determination the slow
decrease in impedance that occurs with some individuals at the
start of systole. T3, the end of systole, is indicated by the

peak positive dZ/dt after (dZ/dt)min. In some subjects T, is not

3
clearly defined; therefore the program will not calculate the
correct ejection time. Also in some patients with heart valve
defects, the waveform will be modified so that the program will
not work correctly. The program was developed using only im-
pedance information and does not require the ECG for timing. A
simpler program could bé developed using the ECG for timing but

it could put a restriction on the use of the program in some

applications.

Simplified Program Description
A simplified description of the sampling and calculation

portion of the program is described below. The program starts
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by sampling dZ/dt for two seconds as shown in fig. 1. It then
finds (dZ/dt)min and divides it by three (in fig. 1 negative
dZ/dt is above the zero line). The computer then starts sampling
dZ/dt and looking for a positive dZ/dt value. When it finds a
positive value it starts sampling and storing. The computer is
now looking for the start of the next complete systole. Referring
to the waveform shown in fig. 1, it can be seen that dzZ/dt is
positive only in the last part of systole or during diastole.

If 1t is assumed that the computer found the positive value
occurring during the latter part of systole, then from fig. 1

it can be seen that the next negative value of dZ/dt will occur
during diastole. The normal sﬁbjécts tested to date have shown
negative dZ/dt values during diastole to be greater than
1/3(dZ/dt) min. Therefore, since the computer is looking for
the start of a systole, it jumps over any dZ/dt until it is less
than l/3(dZ/dt)min of the previous beat. After it finds a

dZ/dt less than l/3(dZ/dt)min it assumes it is in a systolic
ejection period and it begins to look for a zero crossing which
will occur after (dZ/dt)min. When the computer finds a zero
crossing, it samples for 150 ms more which is enough time to
cover a complete systolic ejection period. After a 150 ms;

it samples the Z line to obtain Zo. The computer then finds
(dZ/dt)min and the location in memory of .15(dZ/dt)min by going
back in time down the dZ/dt waveform from (dZ/dt)min as shown in
fig. 1. Because the sampling rate is constant and the samples
are stored in consecutive location in the memory, their position

in the memory will be an indication of their occurrence in real
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time. After T, is found, it goes forward in time and finds the
location in the memory of the most positive dZ/dt value in the
current samples which cdrresponds to T3. The computer then
calculates T3 - T1 to obtain the systole ejection time t. At
this point the computer has all the information necessary to
compute stroke volume.

The computer then proceeds to obtain T in order to compute
heart rate per minute. It computes the time from the start of
the sampling and storing period to (dZ/dt)min and adds to it the
time from the previous (dZ/dt)min to the end of the previous
sample period. The latter time interval will be in error on the
first beat because of the delay necessary for the computer to
find the start of systole. The computer then stores the time from
the (dZ/dt)min of the present beat to the end of the current sam-
ple for use in calculating T for the next beat. The stroke volume
and cardiac output is then calculated and the value of cardiac out-
put is displayed on a cathode ray tube as a point on a graph. The
computer then jumps to point B in the flow chart to start the next

beat.

Operational Description of Program

The program computes, plots and prints stroke volume, pulse
rate, and cardia& output. It consists of one master program and
five sub-programs. The master pr¢gram is called COCAL; the sub-
programs are called INT-DSP, COMPUTEl, FIN-DSP1l, PLOT1l and PRINTL.
When the program COCAL is loaded in the computer the first display

appears on the cathode ray display tube and the sub-programs are



109

called in from digital tape as needed.

After the program is loaded and started a series of displays
are shown asking questions about the values of the constants and
calibrate factors as shown in fig. 2. The first displays gives
the value of p as 150 ohm-ecm. If this value is not desired, the
delete key on the keyboard can be struck and the desired value
of p entered. After the correct value is entered the end of line
(EOL) key is struck which stores the value and a new display
appears. The next two displays ask for the value of L front and
L back. From these two values the computer computes the mean
value and stores it as L. The next two displays ask for the
values of the calibration factors relating Z, and dZ/dt and analog
input voltage representations of these parameters. The next dis-
play asks the operator to type S if the desired analog signals
are entering the computer. After S is typed and the EOL key
struck, the computer starts sampling the input signals and cém—
putes cardiac output. The computer can be temporarily halted
and the sampling stopped at any time by raising sense switch 0.
This feature allows the operator to stop the sampling if any
artifacts appear or to compute only selected segments of the data
from a long run. Also with the use of three other sense switches
the digitized input waveforms or the calculated cardiac output
results can be viewed on the cathode ray tube as the sampling and
calculating is going on. All of the sampling and calculations
are done in real time on a beat by beat basis. When the desired
number of beats have been sampled and computed, the EOL key is
struck to end this portion of the problem and to call in the out-

put routines.



110

R LM OMM-ok, 15

JE

R

b FROMT IM CGH =

. BRcE IN M =

s e

2 CHL
i OHH = - -

DECnT eaL
A DHPCSEC =

TWFE 2 IF RERDY TI

B
)
B

Fig. 2 Constants and Calibration factors as shown in
input displays



111

¢ 4 4 %

e SRTHE T FRE G RN
S
P 91
W

e, ge g gis
ey A Coals 10
axey e iRed 9

&WMUMmHvQ%Tm

o
el WOk B
15 48t 4 ot B

pe .E« an 3
i“t Bl o

Fig. 3 Plotting option displays



112

The display that appears after the EOL key is struck is
shown in the top display of figure 3 and is called the main
selection option display. This is the display that is used to
choose if plotting, printing or a cathode ray tube display of
the data is desired. The choice is made by striking keyboard
keys 2, 3 or 4. After the completion of the execution of any of
the output operations this display reappears. The first choice
on the display will restart tﬁe sampling and cardiac output
calculation portion of the program. If key 2 followed by the
EOL key are struck, indicating that plotting is desired, the next
display will allow a choice between dog data or human data. The
purpose of these choices is to adjust the scales to optimize the
size of the graphs for the different values of stroke volume and
cardiac output that occur in dogs and humans. The next choice
is the length of the X axis desired. The last choice made, as
indicated in figure 3, is to determine which variables or com-
bination of variables should be plotted. After the execution of
the last set of options the plotting operation will start. Two
other switch settings on the computer control plotting functions.
One is sense switch 1 which determines whether every point is
plotted or only four beat average. The second is a register of
switches called RSW which controls whether symbols will be plotted
on the graph and if so how often. After the completion of the
graph the display shown in the top of figure 3 returns.

The next option (number 3) is for printing the results on the
digital printer. The values for the cardiac output, stroke volume
and pulse rate are automatically brinted after selecting this

option. The four beat averages,and the four beat averages
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normalized to the first average are printed for all the param-
eters. Striking the EOL key will terminate the printing of any
parameter and the completion of printing of the entire computed
results will return the program to the main option selection
display as shown in the top of figure 3.

The last option (number 4) is the oscilloscope display of
the computed results. The selections involved in this option
are shown in figure 4. By striking key 1, 2 or 3, either the
pulse rate, stroke volume or cardiac output can be displayed on
the oscilloscope in graphic form similar to that plotted by
the digital plotter. Striking the EOL key returns to the main
selection option. From the main selection option the entire cycle
can be repeated and the program restarted to sample data and com-

pute cardiac output.

FLOW CHART AND ASSEMBLY LANGUAGE PROGRAM

The digital computer used in developing the computer program
was a micro-LINC-300 manufactured by Spear Inc. Its logical
structure is basically similar to the original LINC machine
designed by Clark and Molnar (1,2). The principal differences
between the micro-LINC 300 and the original LINC are in the input
and output structure and the speed of operation. The maéhine
used for this program has a real time clock that operates at
speeds of 250 Hz; 500 Hz, 1000 Hz, and U000 Hz. The clock operates
through a priority interrupt system and is used in the program to
determine the analog sampling rate.

The machine also has a small oscilloscope display that is
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controlled directly by the computer, four small digital tape
transports with addressable 256 word blocks, a digital plotter,
a digital printer and 12 analog to digital conversion channels
controlled by the computer. The computer has a 4K memory with
12 bit words and operates with a memory cycle time of 1 microsec.
The computer program is written in an assembly language
called LAP6. The assembly program is rather powerful and performs
control functions as well as converting programs.
The following is a brief description of the programs used

in the total cardiac output computing program.

COCAL - this program is the main control program. The program
controls the analog to digital conversion and chooses
the proper points from the curve for calculation. The
program also locates the position of the other programs

on tape and calls in most of the other programs as needed.

INT-DSP - this program generates the initial displays used in

reading in the constants and calibration factors.

FIN-DSP1 - this program generates the final display routines that
are used to choose the options for printing, plotting or

oscilloscope display.

COMPUTEl - this program performs the calculating operations in

double precision floating point arithmetic.

PLOT1 - this program controls the plotting operations.

PRINT1 - this program controls the printing operations.

The next six fold-out pages contain detailed flow charts of
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. the program. Following the flow charts is a complete manuscript
listing of the computer program. Following the manusc:ipt listing
is an appendix that contains details on the program operations,

a section on the computation of stroke volume, and cardiac output,

and samples of the printer and computer outputs.
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1D pls6 305 gF 85085 636
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LN=1 124

CPROGRAM TO COMPUTE CARDIAC OUTPyT

CTRUDI JUNCKER = 1968 o

CUTILITY ROUTINES * SCOPE=SP

€ DBLFLT

C CALCOMP PLOT

CTO OpERATE &

CUSE LAPS=2s TO LOAD COCALs THIS PROGRAM STARTS
CAUTOMATICALLY AND QUESTIONS AND cOMMANDS WILL APPEAR

LON THE SCOpPE, -

TYPE IN CHARACTERS TO FILL IN THE BLANKS AND

TERMINATE WITH AN EQL, THE NEXT DISFLAY WILL
THEN APPEAR, IF A MISTAKE IS MADE, THE DEL KEY
CAN BE USED TO ERASE THE ENTRIES IN THE CURRENT
DISPLAYs USE OF THE CASE KEY WILL RETyRN YOU
TO THE FIRST DISPLAY.
CAFTER s®EOL IS TYPEDs THE COMPUTER WILL START
CSAMPLING THE ANALOG INpUT AND COMPUTE CARDIAC OyTPUT,
CuSE OF SENSE SWITCHES 3°5 ALLOWS THE USER TO VIEW THE
CRAWV DATA CUSWITCHES 451 AND THE CARDIAC oOUTPUT VALUES
CCSWITCH 31 As THE SAMPLING Is TAKING PLACEs USE OF
CSENSE SWITCH @ ALLOWS THE USER CONTROL OVER THE DATA
CLSAMPLEDsIN THE Up POSITION SENSE Syl!TCH ¢ DIRECTS THE
CCOMPUTER To IGNORE THE INPUT DATA = WHICH MIGHT BE
CNOISY?*ETCe SAMPLING RESUMES WHEN SENSE SWITCH @
1S IN THE DOWN POSITIONs THE EQL KEY CAN BE USED To
[DICTATE THE NUMBER OF VALUES OF CeQe¢ L[PsRe AND S,V,3
CCOLLECTEDs IF DEPRESSEDs THE SAMPLING STOPS AND THE
CACCUMULATED VALUES OF Ce0Oss PsRe AND S,V, ARE WRITTEN
CON TAPEs A JUMP IS MADE TO THE FINAL DISPLAY ROUTINE,
CIF NoT DEPRESSED, Sl2 VALUES OF EACH ARE COLLECTED
CAND SAVED ON TAPE AND A JUMP MADE TO THE FINaL
EDISPLAYt

C FINaAL DISPLAY

CTHE SENSF SWITCHES ARE USED TO DICTATE THE FINAL
CpISPLAY. ;

SS4e5 ¢ RAW DATA AS BEFOREs

mraossoarm

Ss3 = ScOpE DISpPLAY OF oUTPUT OpTIONS, THE USER
MUST CHOOSE H1S COURSE OF ACTION CRESTART
PROGRAMs PLOTSPRINTISCOPE] BY TYPING THE NUMBER
OF HIS CHOICE FOLLOWED BY EoL. TYPING EQL WILL
RESULT EITHER IN THE APPEARANCE OF THE NEXT
DISPLAY ORs AS IN THE CASE OF PRINT, THE
OUTPUT oF DaATA« DL ERASES THE ENTRIES I[N THE
CURRENT DISPLAY, DEPRESSING THE CASE KEY
RETURNS YOU To AN EARLIER DISPLAY. TO EXAMINE
THE RAW DATA WHILE IN THE SCOpPE DISpPLAY
ROUTINEs RAISE S54 OR 5» DEPRESS SS3 AND WHILE
VIEWING THE FIRST DISPLAY LISTs HIT THE

CASE KEYs

e aisiainizinliainintalalafalalaty

PRINT ROyTINE _ .
CcARDIAG OUTPUT Is PRINTED FIRST» THEN STROKE voLuM
CAND LASTLY PULSE RATEs THE EOL KEY MAY BE USED TO
CINTERRUPT THE TYPING OF ONE SET OF VALUES TO GO oN TO
CTHE NEXT. DEPRESSING THE EOL KEY WHEN PULSE RATE IS



125

coCAaLe2 N=72

CONT

eR2e

7200
€022
o586
2200
4@44
1@2@
gRr4
2541
pe1s
2118
geee

B4e0

6146

CREING PRINTED wiLL RESyLT IN A RETURN TO THE
CpISPLAYED LIST OF ouTPUT OPTIONS, THE USER MAY MAKE
EANOTHER SELECTIONs

C DISPLAY CURVE ROUTINE

CUSE POTENTIOMETER KNOB @ To VARY GAIN

CAND KNoB | To VIEW DIFFERENT PORTIONS OF THE CURVE,
CySE EOL TO RETYRN TO THE DISPLAYED LIST oF OUTPUT
toPrzoNs.

E PLOT ROUTINES
CTHE COMPUTER WILL HALT AFTER DATA IS

READ FROM TAPE
CAND BEFORE A GIVEN CURVE IS PLOTTEDs

THE USER MAY

CCHANGE PENS AND SET SWITCHES AT TH{S TIMEs
CSENSE gWITCH 1
L UP=AVERAGE EYERY 4 POINTS AND PLOT AVERAGE,
E ngwg-no NOT AVERAGE THE VALUES AND PLOT EVERY
: POINTs
CRIGHT sWITCH BITS @ AND 1| DICTATE THE PLOTTING OF
CSYMBOLS s
L X ® Co0,
C L I P.R.
L g - S,
C AVFRAGED VALUES PLOTTED
LVALUE OF BITs g AND 1 Npe OF SYMBOLS
C NONE _
C l' ONE/POINT
C EVERY POINT PLOTTED ,
EVALUE oF BITS @ AND 1 Nge OF SYMBOLS
2 2
r 1 1/64 POINTS
C 2 1/8 POIN%S
C 3 ~ ONE/POIN
CWHEN THE NECESSARY SWITCHES ARE SET» LIFT RESUME TO
CPLOT THE CURVE,

CAT THE END OF THE PLOTTINGy, A RETURN IS MADE To

CTHE DISPLAYED LIST OF OUTPUT OpTIONS, SHQULD THE
CUSER WANT TO HETURN TO THE DISPLAYED LIST BERORE
CTHE PLOTTING Is FINISHED» HE MAY TYPE EOL+

CTO RFSTART COCAL, CHQOSE THE FIRgT SELECTION IN THE

CpISPLAYED LIST C1®RESTART PROGRAMI,

$1
JmPgﬂ
$20
JMPT7A
JMP22 CJUMP HERF oN CLOCK InTERRUPT
szrxs
sTcas CsayE CA2
LpA&
09341 CUNMASK CLOCK
NgoP
SAmgﬁ EsAmPLE Dz/pT
#15 @ CFILLED ‘ - WITH JUMP INSTRUCTION
SNSa@ € F SENSE SylTC] S SET)
JMPIC thsTAR sAMPLIEG PROCEDURE
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CONT
35 100 LpA  COTHERWISE GO To DISPLAY LOOP
36 0216 16
37 14¢0 SAE&
Ap €046 45+6000
41 6843 JMP’ ¢2 , ,
42 €426 JMPTR CIF INTERRUPT ROUTINE INTERRUPTEDs JUMP TO B
EGINNING oF DISPLAY LOOP ‘
43 1020 LDAR -
44 ¢0PD #2S @ COTHERWISE RESTORE A2
45 2210 ENI CENABLE INTERRUPT

46 €216 #4S JMP16 [AND JUMP TO ‘*1 IN DISPLAY LOOP WHERE ‘2= PO
INT Qgcgﬁxcn LAST INTERRUPT OCCURRED

47 pe@e7 #3S MSCY L o

5S¢ 8730 RDC&X CREAD INITIAL DISPLAY ROUTINE

51 4450 47450 ) ' *

52 @738 RpCax

53 5451 57451

54 p642 UMB2 _ L . .

55 p732 RDC&% CREAD FLOATING POINT ROUTINES

S5¢ 4247 4/247 :

57 9732 RDC&%

€p 5250 5,250

61 9730 RDC&%

€2 6551 67251

63 10 RDC¥

€4 7252 Tyise

65 @640 UMB@

¢ pegl LmBy . R .

67 6020 JMP208 CENTER RHOeL#® AND CAL FACTORS ,
CRETURN HERE AETEﬁ.ENIERLNG THE ABOVE CONSTANTS

77 26! SET&! CCLEAR UPPER HALF OF PAGE @ AND

71 10200 1e2@0¢ CALL OF PAGE 1

T2 g@qt CLR

73 1241 STAL

74 p221 XsKal

75 €273 Jupr=2

76 @26l SET&!

77 2002 2020 .

120 1041 STAL

181 g221 XsKal

1%2 glpn JMP? =2 }

193 0643 UMB3 CCLEAR PAGE 3

124 2261 SETs!

125 2000 2000

12€ 1041 StAl

127 gzl XsKa)

1§? sé@g ﬂmzfez

1 102 LpAg

Wz 7797 B |

113 25402 OPR4? CMASK ALL DEVICES

114 1020 Lpag '

115 p@e4 4 o y N

116 @542 OPR42 CUNMASK REAL TIME CLOCK

117 1020 LDAg

120 gege 2 o o

121 ¢2544 OpR44 CSAMPLING RATE = 50g CPs

122 @018 NoP-
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123
124
125
12¢
127

S
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Moy ooy U
AN e QAN D

164
162
166
187
17
171
172

173

174
175
176
177
200
201
202

203
204

205
2@¢
287
21¢

211

2l2
o133

CONT
2642
1820
27717
1049
20¢6
1840
208p7
1020
3717
1040
2210
a1l
1040
2508
1040
2501
10492
25p2
psal
pAEd
6146
2063
3777
1020
6156
4032
6426
1063
p203
6233
2263

3777

gol
4529
p223
6170
6200
1023
pe17
25p2
4Tl
6165
1803
A5¢0
6165

1080

@509
12492
4501
4502
1@2@
6211
4032
6033
8471
6233
poEA

LN22g2 127

#1C

#1D

#1A

#1B

#1E

#1{F

#1G

UmMB2
LpAg CLOAD INDEX REGISTERS 6379 AND 1g
2777 £To PREPARE FOR STORING CARDIAC
STA gOUTpUT’ PULSE RATE AND STROKE
2p%€ CVOLUME
STA
20817
LDA&
2777
STA
281¢
CLR
STA
2s2g
STA
250y
STA
2582
UMB1
SNSg?
JMP? e}
§E$$3 CSAMPLE 1g¢24 POINTS
7
LDA.
1D*6220
STC1S [STORE JUMP IN INTERRUPT HANDLER
JMPTR CJUmP TO ENABLE INTERRUPT
STA&S
XSK3
JMP1S+1
SET&3 CFIND MaX DZ/DT
3777
CLR
STCRA
XSK&3
JMPY 42
JMPIB
Lpa3
coM
ApDgA
APOR
JMP1A
LpA3
STCHA
JMP1A
LDA CFIND 1/3 DZ/DT MaAX
8A
MUL
8E+4000
S7C8C
LDA& CWAIT FOR NEGATIVE VALUE
IF+eda0 [STORE JUMP IN INTERRUPT HANDLER
STC1S
JmPlS¢l
APOS
JMP1Se1 }
SET&4 CSTART STORING



COCALsS5 LN2343

253
254

272

303

ONT
$777
1022
6221
4032
6033
1264
2017
2582
YA
€033
1200
p2a4
4523
e265
7767
1020
6237
4232
€233
1064
9225
6233
1020
€246
4032
€033
1264
2471
6233
2265
7664
1222
6257
4232
6233
1264
gegs
€233
pl111
45@4

2004

1@4@
2510
2217
1100
2000
4040

¢ee7
2777
gdyl
A500€
p23a
63g2
€314
1227
2017

#1H

#11

#1d

128
3777
LpAg
1H+60a0 N ,
STC1S LSTORE JUMP IN INTERRUPT HANDLER
JMP1Sel
STA&4
CcoM
ApDEC
APOL
JMP1Se!
LpA
4
StCgD
SETAS
hl@
LDAg
ll'ﬁﬁﬂﬁ :
STC1S CSTORE JUMP IN INTERRuPT HAnDLFR
JMP1Se]
STA&4
XSK&S
JMP1Se!
LpAs
ly+edp0 ‘
STC18 [STORE JUMP IN INTERRUPT HANDLER
JMP1S+1
STA&A
ApPO&
JMP1Se!l
SETgs LsAMPLE 158 Ms AFTER ZERO CROSS

1K+6B00
STC1S
JMP1Se]
STAgA
X8KaS
JMP1S+1
SaMy ]
STCBE
ADD4
STA

8L

coM
ADAg
200
StCi0

CFIND MaX

#2B

#2C

SETA7
37717
CLR
StCgA
XSKelp
JMP?#+2
JMP2D
LpDA&T
CoM



COCALs6 LN2434

304
385
326€

310

353
354

361
362

364

365
326
367
37e

CONT
25008
BAT1
€277
1207
4502

20087

4505
€271

2508
124@
45p1
4502

25¢2
?341

4506

pose
2505
1220
7776
2042
4212
1212
eo17
25¢6
g4sl
6325
1000
- gB12
4507

p2s2

2595

2510
@27
2012
4914

4511

2234
6353

6365

1832
a7

2511

pas)
€350
1012
4511
2012
4512
6359

1200
@5a7
pe17
2512

ApDga
APO
e
LDA?
STCgA
ApD7
STCs&F
JMP2C
CDIVIDE BY 3
#2D ADDRA
MUL
BR+42p0
StCeC
CFIND Ti
ADDgC
SCR!
StCgd
SET12
8F
#2G LDAR
2
ADD12
sTCi12
LpAL2
coM
ApDgJ
APO
JMP2G
S%Csk
CFIND T3
#2H SET12
8F
AngL
coM
ApDt2
STC14
StcCgM
#2K XSKala
JMP? 42
JMP2L
LpAglg
coM
ApDgM
APO
JMP2K
LpA12
StcaM
ApDi2
STCaN
JMP2K

CCOMPUTE T3

¥2L LA

COM
ADDgN

-

T1

129
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371

372
373
X74

378
376
377
400
491
4c2
423
424
405

412
411
412
413
414
415
4l¢€
417
420
421
422
423
424
425
426
487
A3p
431
432
433
434
435
43¢
437
4490

441

442
A47
444
445
446
447
45¢
451
452
453
454
455
45¢
457
460

N=525
Lh=22 130
CONT
4513 StCgP
CCOMPUTE T
2505 #2M ADDgF
1128 ADAR
6235 ®1742 C[»2pP@ + 36 TO ACCOUNT FOR TIME SPENT IN cOM
PUTATION SECTION
2514 ADDSR
4515 StC83
2595 ApDgF
Po4y7 CoM
25132 ADDgL
4514 StCgR :
2640 UMBg CJUMP TO ROUTINE To COMPUTE
gep2 LMB2 CCARDIAC OUTPUT» STROKE VOLUME
6€1p2 JMP122 [AND PULSE RATE
$41¢
eoe7 MsCYT
18202 LpAg
€626 6S*6002
4437 STCES
2730 RpCa”% CREAD IN FINAL DISPLAY ROUTINE
4221 47221
p7xG RDC&%
5222 57292
27302 RDCE&Y%
€223 /203
2710 RDCy
TEP4 Trs224
g64l UMR1
6433 JMPTS
gay1@® #7R ENI
1¢29 LDAs
pe16 arle CNoP
1042 STA
2437 58
@277 #7175 SETal7
€771 1002
g443 SNS3
6443 JMP?+5
PZ16 #5S NOP
p9262 SET&2
2777 777
6463 JMPEC
gas4 SNES4
€450 JMP? 44
0o62 SETa2
3777 777
6454 JMPSB
2445 SNSS
€433 JMPTS
pee2 SETa&?
2777 2777
#58 CLR
AL D1S82
10¢2 LpA2
gla2 DIS2
2237 XSKai7
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461
462
463
464
465
466
469
47@
471
472

500

RACEURY
aen®
B Ol PO =

N
DA UWN 'P"f&f\l:_a\".m > Ol

WA UL Ut U AR AR
B s B ot i ool P

521
522
523
524
525
526
527
53¢
531
235
534
5385
536
537
540
S41
542

544
545
54¢
547
550
551
552
553

CONT
6454
6433
1002
2343
1100
7400
gle2
ga2x7
6463
6433

gded
1252
gepe
0000
eeceo
2820
poae
peea
2000
goead
2000
pope
20802
peegp
poacd

1000
2516
1120
1000
4573
pae2
o777
poes
76002
tie)
1450
4555
2102
p4s1
6605
1122
eogl
P346
1120
2242
4556
10208
T4¢0
ﬁ162
ple2
gle2
ple2

Lnsgls

#5C L

131
desB
J P7S
A2
3cR3

$500

CLSTORAGE

#8A
#88
#8C
#8D
#8E
#8F
#gd
#SK
#8L
#gM
#EN
#gP
#8R
#8S
#8T

@ CCURRENT MAX
1252 £1/3
@ CTHRESHOLD
E;l LOCATION
ﬁLOCATION o] URREN K
[s15 PEAK F CURRENT PEA
CT1 LoC
[ Moo LAsT SAMPLE
ETEMP MIN
(T3 Loc
CT3eTy
E!sr PART OF T
CTOTAL NOs OF VALUES FOR CO#PRe AND SV

CuseED IN PLOT;PRINTe AND SCOPE ROUTINES

#9F

#SD

$s2¢

LDA

BT

ADAL

120

STCeC [SET LAST ADDRESS+! WHERE DATA IS STORED
SET&?2 ' '

777

SET&3

7688 . o

SAM] CSTARTING POINT IN BUFFER
ADAS

1400

SXCSB

JMPSG
ADA&

SCRG

ADAR

242

STCOA

LDAS

ex77

D1Ss2 CpISPLAY BASELINE
DISa2

DIS;2

DIsg2
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132
CONT

824 1002 LpA [GET vALUE
s55 @290 #9B @
55¢ gl@@ #%A ¢
527 1120 ADAg
56¢ 7400 =377
561 2142 DISg CcDISPLAY POINT
562 @223 XSK&3
563 €565 JMPSE
5€4 €576 JMPaCs+3
665 1920 #9FE LDA&
56¢ pog ] 1
567 1140 ADY
s7¢ p55S Sk
571 g217 CoM
572 1100 ADAg
573 g@@0 #SC @
574 p471 APOgZ
575 €546 JMF9D
576 @415 KST
577 €525 JMPgF
€¢¢ ¢515 KRD CEOL MEANS RETURN TO MAIN DISpPLAY
€01 14¢0@ SAEg
€Cp gaye gels
€03 €525 JMPQF
604 6473 JuP78
675 112¢ #9G ADAR
cZe 777¢€ b |
607 au17 coM
6l 2346 SCRE€
€11 1120 ADAg
612 p342 349
613 4556 3TCSA
€14 €546 JMPoD

26206
620 @642 UMB2
621 1800 Lpa
622 25¢2 2502 [AVERAGE TIME BETWEEN REATS X NO, OF BEATS
623 1040 STA
€24 T4 3D
625 641¢@ JMP412
€26 2643 #6S UNB3
€27 @73l RpC&¥%
63¢ 4612 4/612 CREAD IN PLOT ROUTINE
€31 @732 RpC&X%
632 56132 5/613
€33 730 RpC&¥%
634 6€14 €/7614
635 ¢g71¢ RDCY
626 7615 7/61%
637 10¢0 LDA
€40 2516 BT
€41 0017 ceM
€42 1040 STA
€43 37¢0 3700
€44 2217 coM
645 p3a2 ScRe

€4 ¢217 coM
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133

. CONT

647 1040 STA
€5¢ 37p1 3764

EROUTINE TO CONVERT CAVERAGE T X 5121 TO A DECIMAL NUM
BER REPRESENTED BY KEYBOARD CODES

651 @072 SET&19
652 £763 3E*1
653 @871 SETa !
€54 0766 SHHE Y
€55 1000 LpA
65¢ @774

657 ATT3 5103C
66 gA11 CLR
€61 4764 STC3E
662 4765 STC3F
663 47€6 STC3G
€64 p230 #SD XSK&lg
€65 p23i XsK&11
€66 1011 Lpatt
€67 04s0 AZE
€7¢ 6716 JMPSE
671 1000 LpA
672 @764 3E

€73 @450 AZE
€74 6697 JMP? 432
€75 1820 LDAS
676 pgR14 14

€77 1140 ADM
7¢0 2373 2373
721 1000 LDA
782 08765 SF

723 B246€ RoL€
784 1140 ADM
785 2374 2374
706 1020 LpA
707 0766 3@

718 @246 ROLs
711 11402 ADM
Tl2 2375 2375
713 0648 UMB2
714 péep2 LmB2
715 €@20 JmPaﬁ CplsPLAY CHQICES®PLOT OR SCOPE
716 18207 #5E LDA
717 2773 3c

72p 1111 #5F ADALL
721 @470 AZER
722 6735 JMPEG
723 0451 APO
724 6664 JMPSD
725 1240 STA
726 2773 3C

727 18208 LpA2
73¢ 0801 !

731 1150 ADM12
732 1eep LPA
733 @773

734 6720 JMPﬁF

735 1000 #5G LDAS



CCCAL,y13

73€
737
743
741
742
743
744
745
74¢
747
752
751
152
752
754
755
756
757
7€¢
761
762
7632
7€4
76%
766
767
770
771
778
773
774

CONT
peol
1152
6€71
0730
4571
2730
5592
2730
6572
710
7574
1200
2516
1100
7776
2342
aeq7
1242
2277
2640
263
€220
bR g
AeR0
poeo
7633
7765
7776
o0
Y2
Ydds

2711
1426
7182
fee2
1260
72¢5
1100
4%00
1048
gesl
1128
141
1246
pes3
gRel
3807

. pee2

1264

LNZ1267 134

1

ApM1D

JMP5D45 , A o
#6T RpC&% CREAD IN PRINT ROUTINE

47571

RpC&*%

5/572

RDCAY%

§/573

RDCY%

7/574

LpA

8T

ADAL

7716

SCREZ

coM

STA

2377

UMBe

LMB3

JMP2@ CJUMP To PRINT VALUES
#IE @
#3F @
#36 0
#3H 7633

7765

7716

7
#3C 0
#3D @
CCODING To READ IN AND SEARCH THE FILF INDEX FOR
CINT=DSPsCOMPUTE! o FINeDSP1oPLOT19AND PRINTI,
CWHEN A ROUTINE Is FOUNDs ITS BLOCK NUMBER IS INSERTED
CINTO THE MAIN PROGRAMe IF A ROUTINE IS NOT FOUND»
CTHE COMPUTER HALTSe IF THE FILE INDEX IS NgT
CLOCATED IN BLOCKS 42¢=T7e THE TAPE 15 SEARCH FOR IT,
CIF NQT FOUNDs THE COMPUTFR HALTS.

s1000
#7A RCGY%

17426

JMP7J
#7G SET&Z

74=1 CINT=DgP

JMP7C

ADA&

4pC0

StA

51

ApAg

1991

STA

53

SFT&l

20T

SET&Z

7N=1 CCOMPUTEY

2 3

™M
ik
— s pus

%
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CONT

1p22 7205 JMPTC
123 1120 ADA&
1024 4200 4p0p
1925 1040 STA
126 pos6 56
1027 1120 ADAS
123g 1801 1021
1931 1840 STA
1g32 o6l o
133 1122 ADAR
1934 1021 ¢
1935 10492 STA
1p3e po62 €2
1937 1120 ADAS
lg4p 10g1 1p2i
141 1040 STA
1p4a2 0064
1243 poel ssr&l
1p4s 3007 3227
1045 @RE2 SET&2
1p4¢ 1272 T0%1 CFIN=DgP}
147 7205 JMPYC
125¢ 1120 ADAg
1251 4220 4p0Q
1252 1047 STA
1952 p415 415
1254 1120 ADAS
1p5s 1001 1021
125¢ 10240 3STA
1257 p4a17 417
1g6p 1120 ADAR
161 12p1 1201
1062 104¢ STA
1263 ga21 421
1064 1120 ADA&
1265 1061 1921
1966 1040 STA
1967 0423
127 @61 SET&I
1g71 Xoe? 3pa7
1g72 po62 SFT&Z
1673 1274 7p=1 [PLOTI
1674 72p5 JMP7C
1975 (120 AnA&
1876 4020 4000
1277 1040 STA

1 1128 ApAg
1102 1001 lgﬁl
1163 {040 STA
1104 p&32 §32
1105 1120 ADAR
1186 1071 101
1107 1240 STA
1119 e634 634
1111 1120 ADAS
1112 1401 1091



coCalsls Ln=1251 136

CONT
1113 1049 STA
1114 @636 6§26
1115 gael SETa!
111e 3027 3007
1117 go6? SET&S
112 1300 7q=1 rPRINT)
1121 7205 JMPTC
1122 11292 ADAG
1122 40¢2 4pdp
1124 1842 STA
1158 @742 742
1126 1120 ApAa
1127 18¢1 1281
1129 1040 STA
1131 2744 Ta4
1132 1122 ADA&
1132 1001 1221
1134 1240 STA
1138 @746 746
113¢ 11920 ADA&
1137 1621 127
1140 1040 S5TA
1141 ¢79 T=0
1142 €247 JMP3S
1143 1020 #7p LDAg
1144 2219 10
1145 1142 ADM
114¢ 10p1 Th+]
1147 =1s1 STC?+2
115¢ &711 RCGY
1151 ¢gee 2
1152 p@a6e5 #7J 3ET&S
1152 7767 7767
1154 opel SET&1
115 2777 27717
115¢ 1021 #7F LpAaal
1157 14¢7 SaFs
116 5787 5757
1161 7163 JpuP2eo
1162 7T2¢2 JMPTK
1163 12¢2 LDA
1164 12p1 Ta*1
1165 1460 SAE&
1166 1776 177¢
1169 7171 JMP 2 e
117¢ 7175 JEPTH
1171 14¢¢ SAEL
1172 1416 fals
1173 7143 JMPTH
1174 pogn HLT
1175 12820 #7H LDAg
1176 1226 lgle
1177 1240 StaA
1o0g 10201 Th+]
1oy 7147 JMPTB+ 4
1020 p225 #7K XSKa5

12603 7186 JMP7F



CoCaLelg

DO 1O o 4ot ot o pn et et e 1) (D IR IR

PINITD NI A OO NI DO A A NI NI RITV IO N

0
0 N3 AHD .
AN =D TN VD OGN —= IOV S

e s o Pl Poils G i i P YD D B P Pl s s Bl B

1526
27

[
Mo
[€ 2%
()

ot
n
e}
]

1232

Lo e
o
o (A (A
MRS G

1237
124¢

1251
1253

1257
106@

1061

1262
lo€3

1264

}zgs
266
1267
12790
1271
1272
1273
1274

LN=1342
CONT
7803 JMPTG
2344 #7C SET4
peeo %
18¢0 LLA
poe2 2
5231 STC7D+3
7235 JMPT1
1823 #7E LDAL
eag? 7
7226 JMPYD
1022 LpAg
22¢8 6
7226 JMPTD
1822 LpAg
eees 5
7226 JMP7D
1020 LpAg
goe4 4
1142 #7D ADM
220 1 1
2262 SET&E
a0 2
p2e! XSK1
7235 JMP/+2
2200 HLT
1721 #71 LpAg!
1462 SAES?
7213 JMPTE
1821 LpAgl
1462 SAEL?2
7216 JMPTE+3
1221 LDAg !
1462 SAE&LZ
7221 JMPTE+6
1221 LpAg 1
1462 SAERE
7224 JMP7Ds2
10282 Lpag
gagp3 3
1142 ADM
gool 1
1001 Lpal
15¢2 BelLé
7040 Te0e
6204 JMP 4
3441 #7M 3441
4717 4717
2748 2746
43717 4377
2642 #TN 2642
4243 4243
5247 5¢47
3001 3p@y
T134 #70 3134
4117 4117
2746 2746
4301 4321

137



CoCaLe 17 Ln=1437
138

CONT
1975 4337 #TP 4337
1276 4247 4047
1277 @177 ﬂ377
1300 7777 7777
1301 4345 %70 4345
1320 3441 3441
1222 47p1 4701

134 7777 7777



INT=DSPs

VALUE LINE
IN ale4 147
10 @2p2 165
1P 8217 202
16 ¢272 255
IR @234 217
Is g2l 234
2N gl177 162

5p @231 {

GA_QQEE‘ 4§
TA 2111 73
78 plpl 103
7C glg2 194
70 @135 117
7E @143 1235
7F @153 135
76 els4 136
7H @¢1s85 137
71 pls6  14p
7d pisT 14y
% ple? tag
7L @161 143
BA gR74 55
SA p4pe 317
SB zﬂai 351
SE g447 267
g .ggsg. ﬁ%”
St 2488 411
SH 473 al4
Sk 5255 44
SM gh3Ie  45)
9N P542 463
3¢ #5885 476
gﬁ ﬂgsg g%s
98 @57 4
9T gsxa E31
SU 2764 7@
SV @617 B4)
9y p62e 558

9X p627 552
9Y @653 57¢

139



INT=DgPs1 LN=!

140
CONT

or a1 SET&1¢

21 2153 7F

22 p21l CLR

23 4153 - STCTF

24 4154 STC7G

25 4155 STCTH

26 4156 Stc71

27 4187 STC7d

3 4160 STCTK

31 1022 #5A LDAg

32 gdol Beny

33 1340 STH

T4 4764 SU+4Ba2

I5 1220 LpAg

3¢ pSpd esae

37 4765 STCOU+1

4 Y1040 SzA

41 12¢2 t-@g

4z 1822 DA& _

43 4164 IN+480¢ CRHO TN OHMeCM 15 1ls€

44 €402 JMPOA

45 €20 JMPOZ . .

4¢ 6111 JMPFA [CONVERT DECIMAL TC BINARY
47 1620 LpAg

S poel 10 [L FRONT In CM 2 &= e

51 €42 JMPoa [JUMP TO SCOPE PKG

S2 €020 JMP2O , .
52 ¢ltl JMP7A CDEC TO BINARYSTREAT AS INTEGER
54 1700 LpAg

se g217 1P TL BACK IN CM z ==,°

5¢ €4@@ JMPSA [JUMP To sSCOPE PKG

57 6v20@ JMP2X _

6 611l JMPT7A [LEC TO PIN=TREAT AS INTEGER
61 €143 JMP7E CFIND L MEAN

€z 1020 #6A LDAX _

63 p234 Ip [7Z CALel OHM = =,== Vo

64 6407 JMPea C[JUMP TO SCQPE PKG

65 €222 JMP2d ; ,

66 6111 JMP7A CDEC TO BINTREAT AS INTEGER
€9 18922 LDAR

7¢ pesl 1s [DZ/DT CaLel OHM/SEC =2 ™ me Vs
71 6400 JMPoA CJUMP TO SCOPE PKG

72 gC22 JMPo@ , ‘
73 6111 JMPTA [DEC TO BINsTREAT AS INTEGER
74 1220 #8A LDAS

75 ge72 1¢ fTYPF s IF READY To SAMPLE

7€ 6400 JMPSA

71 €Co0 JMP20

16p 1020 LDA

171 2764 9y

1¢o 1420 SHDg

163 4600 4e20
104 6176 JUP’+2

1¢5 6274 JMPEA

196 p€a4l UMB1

1867 pép2 LMB2 ‘ ) ,
11p 6420 JMPo@ CJUMP To FLOATING POINT ROUTINES



INT=DSPy2 LNs72
141

CONT e o _
CCONVERT NUMBER FROM DECIMAL TO BINARY

111 @254 #7A SET14

112 poee 2

113 go67 SETe7 | . . o
114 g764 SU CLOCATION OF CHARACTERs ENTERED THRU KEYBOARD
115 gerl SET&11 ‘
1;5,171g 7774

117 @073 SET&13

12¢ glel 7L

121 1327 #7R LDH&T7

122 13@¢7 #7C LDH7

123 9246 ROLSE.

124 2346 SGRE

125 @478 AZEL

126 €135 JMPTD

ian L;;ﬂ AQA&

13 7778 7716

131 1347 STH7

132,;ﬂé§ LEAJJ

.ga 1{;p, ﬁbmxﬁ

E ”l’A %Tf 2% O MP7C

155 “agﬂ #7D XSKg11

136 6141 JMP?+3

137 1032 LDAg1g

140 €214 JMP14

141 1033 LpAgls

142 gl21  JMPTER

143 1080 #7E LDA

144 0154 76

145_Jiﬁﬁ ADA

146 @155 TH

147 34! SCR1

‘1,5_ﬁ ;I‘Q,A“Q{ S‘TA

151 @l6@ 7K

152 P2  JMPeA

153 @0p0o #7F ¢ CRHO

13 00Go #7G & C| PRONT

155 poel #7H 0 CL RACK ) ,
15¢ pR@@ #71 & CZ CAL IN VOLTS X 100
157 @@ #7J @ LDZ/DT CAL IN VOLTS X 1g0
160 poe? #7K @ LL MEAN

161 @144 #7L 144

162 @012 12

163 @gogl 1

CpISPLAY TEXT

164 p@p3 #1N 0023 o
165 4533 453% [RHC IN QHM®SCMs IS ===
166 4214 4214

167 3441 441

179 1442 1442

171 3342 3340

172 1726 1726

173 4215 4p18

174 1434 1434

178 4614 4614

176 5656 5656

177

1313 #2N 1313



INT=DSFy3 LNzl63

CONT 142
200 1314 1214
201 5776 5776
272 @003 #10 Ap3X
203 3714 3714 CL FRONT IN CM 2 s=,s
224 3145 3145
205 4241 4241
206 4714 4714
2087 3441 3441
21¢ 1426 147¢
211 4214 414
2lg 2314 2314
£13 5656 5656
ela 1313 1313
2ls 1513 151'x
216 7177 5777
217 g2p3 #1P 0pe3 A
22¢ 3714 3714 [L BACK IN CM = w= =
21 2524 2824
222 2636 2636
223 1434 1434
224 4114 4114
288 2640 2g4p
o6 1422 1423
227 1486 145¢
23 5613 5613
231 1315 1215
232 1314 1314
232 57177 =777
224 @003 #1R Qo3 [Z CAL
23g 5514 5514 C1 CHM = =, 8e V.
236 2624 2624
237 3756 375¢
24¢ 5601 56?1
241 1442 1442
242 3347 3x40
243 1423 1423
244 1413 lg4lz
245 1513 151x
246 1314 1z1a4
247 5115 5118
25p 5777 5777
251 gee3 #1S 0p@3 [DZE/DT Cal
252 2755 275% [1 OHM/SEC = =,=a Ve
283 2127 2127
254 4714 4714
255 2604 2624
2%¢ 3756 375¢
257 5601 5g21
2€Q 1442 1442
2€1 3347 340
262 2146 214¢
263 3¢p€ 3g2e
264 142% 1423
265 1413 1413
266 1513 151x
267 1314 1314
o7g 5115 5115



INTPDSP54 LN=254 143

POMI VTV NN,
B P A A
'QWRmbUPM“

3ep

cong
gaal

4330

1446

1134

4530
2427

2 5414

4742

 5g56
- 4624
,AQ43

3730

5656

.1314

5777

5777 , S L 4
#1Q 0991 LTYPE 8 IF READY TO SAMPLE

143

3114

45 3

242"

5414

4742

5€56

4544

4043

373¢p

56?6

1314

5977
CSCOPE“SP  »SP=SAME PAGE
CGENERAL PURPOSE ROUTINES FOR ENTERING DATA
CAND SELECTING OPTIONS
CGeFELLOWS*FER 67
LCODE @sENTER TEXT , ‘
CCODE 1=STAR OPTION AND RETURN TO “¢2
LCODE 2=STAR _OPTION AND RETURN TO “+leN
C WERE N Ig POSITION OF OPTION IN LIST
CCASE ALWAYS RETURNS T0 "1 |
L62 AT TEXT ENDwDISPLAY ONCE AND RETURN “el
L76 AT END OF TEXT MEANS RETURN TO "*2 ON EOL

£77 AT END OF TEXT MEANS RETURN To '*2 oN EoL

C IF CORRECT NOs OF ENTRIES MADE
CLLOAD TAG OF TEXT IN ACCUMO THEN JUMP SA

C9A CAN BE PUT AT START OF ANY QUARTER IN LOWER PAGE
CUSES REGS 19293949566

$400
. #94 SET 6

SFT&e
177=
APOg
XsKg2
BclLg
aaﬂg
spCi
ApDs
STA’

SK ,
ADDSY 1
STCoW
LDH 1
coM
STCOSG
LpHa 1
CcoM
ApDSY+2
STCeD
ADDY



INTeDSPsS LN=345 by

CONT ,
4726 440 STCoE+1
477 g222 XeKgo
430 €446 JMPODe]

LCLFAR WCRKING AREA SU
431 gPE1 #SB SET&!

432 7747 =30

433 gee2 SET&2
434 4763 Su=anpr
435 182F LDA&
4%¢ 017 17

437 pR43 SET 2
440 555 50

441 @23 XSK 3
442 2654 ADD9Y#
443 1362 STH&?
444 g221 XSKel
445 €443 JMPleo
446 066 SFT&s
447 gag #9D 2

450 poy1 CLR

451 4763 STCSUe=1
452 1027 LnAg
453 pogl 1

454 4613 STCOT+3
455 pUES SFT&=
45¢ 2764 ou

LSTART OF DISPLAY
457 ¢Res #9FE SET&?

460 QOG0 2

4681 pOE4 SrTa4
462 p764 U
463 10@20 LDA&
464 @336 33¢€
468 4470 STCSG
466 2656 #9F ADPDOY+Z
467 1160 ADM2.
4T gl #9G 4

471 g6l SETal
472 a7 T¢
473 1322 #9H LpHg?
474 1499 SHDR
475 1392 132@
476 1324 LpH& 4
477 1428 SHD&
¢ 560 Sgdp
561 6466 JmPoF
502 1420 SHDg,
503 5763 572¢
504 65208 JMPoJ
505 @241 RoL 1
506 1120 ADAL
567 627 ox
51¢ 4883 Stlxz
511 25p2 ADDSJ#+2
£lo 20271 ApDi
513 4071 S51Ct
elyg 2474 ARDSG



INT=DSP»6€

CONT
515 1743
516 1763
517 €473
s52p 1322
521 1420
522 608p4
52% €000
524 @415
525 €457
526 p226
527 €542
53¢ 0415
531 €530

~¥

U I AT e SIS0 U (A ) e BT
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N aI-XOnEHOEO SR D>

AR AR UL
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00—
T DN e QO 1) =T

OV VO VIOV T UTUTT R
DS DD~ 3~~~
WO NI s T e OV = Y

DO AD A D SR QS

LNE436

#94J

#9K

#9M

- #9N

f#s@

] #QR

#95

DSC 3
DsCa3
JMPSH
LDHa2
SHD&
spoa
JMP
KST
JMPSE
XSKa6
JMPON
KsT
JMpreq
SET&S
Oaga
XSKaS
JMP‘ - ‘
XSK&3
JMPlex
KpD

JMPOB

KBD
SHDg&
1308
JMPSB

JMPST

L5



INT=DSPe7 LNz%27

146
CONT
€C€ 4626 STCOU
627 €452 JMPOE=S
6lg 2223 #9T XSKa&3
cll 1325 LpH&S
€la 1020 LpA&
61z poge ?
6l4 ¢24) RolL 1
615 4613 STC’®2
616 €5¢6 JMPOR+ 4
[EOL
€17 13p2 #sV LpH 2
€2p 14602 SAE.
621 @077 77
622 6625 JMPGW =]
623 p226 XsKab
€624 6530 JMPoM
625 go1l CLR

€26 6007 #9W JMP
Ccopk TABLE
€27 4136 #9X 413¢

€3¢ 2641 3641

€31 2101 2101

632 ¢177 2177

€33 4523 4523

624 2151 2151

638 4122 4122

636 2651 2651

€37 2414 oald4

64g @477 2477

€41 5172 5172

642 p651 7651

€43 15¢6 1806

€44 4225 422¢

645 4443 44p

€46 6050 SpSg

€47 5126 5126
- €5¢ 2651 2651

€51 510 512¢

652 365! 3651

€53 @@l #oY )

€54 7774 2z

€5% 777% e2

€5¢ 7661 *11l¢

€57 ¢0p0 il X da

€6¢ gO2e aeee ,
€61 122 @12 CPERICD
€62 pOEY geag

663 7736 7736 [sTaAR
€64 3677 3677

€65 g4p4 Ca”4 L[pASH
666 p4p4 0ac 4

6€7 pag4 fa%a TPLUS
67¢ Q47 2437

€71 4¢3 2403 L[SLASH
67 6210 eplg

€73 4177 4177 L[RRACKET OPEN

€74 gee0 proe



INT=DSPsi@ LN=62p

€75
676
677
700
7€
762
723
704
708
726
707
71p
711
712
713
714
718
716
717
720
721
722
723
724
725 @
726
127
730
731
732

734

CONT
1212
1212
4477
1744
5177
2651
4136
2241
4177
3641
4577
4145
4477
4@44
4136
2645
1277
7710
7741
2241
4142
4@76
1@77
8397
3@1
238
773@
3077
77886
4177
7741
4477
3044
4276
2376
4477

2 3146

sig1

. 4651
4040

4@77
@177

- 77g)

2176

. T4g2

2677

4 7701
1463

€314

e17e

7007

4543

g1s51
aeen

1212
lol2

4477

1744
5177
2651
413%¢
2241
4177
3641
4577
4145
4477
4dpd4
4136
2645
1077
771
17741
ge4al
4142
4076
1g77
4324
@177
2321
317
;7;%
2000
4177
7741
4477
3g4d
4217¢€
2376
4477
314¢

5121
4651
424@
4077
2177

7701
By7¢€
7402
2e77
7704
1463
6314
[deded)
7ﬂ$7

4543

6151
$763
?

@o02 #SU 2

L= gIGN
Ca

1u7



INT«DSPy11 LN=T711 148

CONT



COMPUTEL 0

VALUE LINE
2432 422
456

R'r"xt..jmj:r:mfﬂ

AT IOV
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N
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ol
A
Pons Pt

3y 2577
3X @733 110
3Y p734 1119
3Z ¢416 566
4p @235 221
SA e254 24p
5p @262 246
6A p213 176
6B pg216 2021
&C @22? 20s
6D g226 211

o
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ol
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=
o f BN XD s e Y

S§E p232 2is
Sg g271 256
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N
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COMPUTE1 8]

e
21

22

CONT
1022
1758
€200
10@8
1237
6635
7054
1355
1377
1430
1005
1233
6635
7054
1377
1377
1453
lﬁ?@
1342
€635
7054
1377
64p?
7054
€324
7163

€347
7734
6347
12¢@
123¢
6635

2 1734

12717
€324
1020
p263
€635
7254
1483
€49
7163
6422
7054
6347
7734
6313

ge4l

. pepR

6370

1009
1607
6ee?

Ln=1
150
LpAg
175¢ Cledo
ﬂMPaA CFLOAT » SE

9§ {Dz/LT CAL

JmPsa

JMP10s4 CCOMPUTE 108@2 X Dz/DT CaL
SE

SF

oM [STORE IN sM

LpA

OB CL MEAN

JMPZB [FLOAT = SF
JMP1254 CCOMPUTE L#»2
SF

gF STORE IN oN

N [S§ O IN
ol CSTOR 9

sC [Z CAL

JMPZB CFLOAT = SF

JMP1@54 CCOMPUTE 7 CAL*eZ
SF

oF
JMPlﬁaa CCOMPUTE Z CAL®##2 X Le¢2
9N
JMP116% CCOMPUTE Z CAL®e2 X Let2 / 1020 X DZ/DT CA

#GM

JMP1734

#gM [STORE IN SM

Lpa

9A [RHO

JMP2E CFLOAT = SF

JMP1 734

SF

=oN [gToRE IN SN

LpAg

63 51 L

JMPZB LFLOAT = 9F ,

JMP1#54 CMULTIPLY 51 X RHO

3N

es}?

JMP11€3 CpIVIpE BY i@

&gE

JMP12s54 CMULTIPLY TIMES EXISTING pRODUCT
EBM

JMP1734 [STORE IN 9P+ PRODUCT WILL BE USED
aop CIN NEXT sl2 CALCULATIONS OF CARDIAC OUTPU

UmMB1
LMBg
JNPvﬁ CJUMP BACK TO MAIN PROGRAM
CCOME HERFE AT END OF SAMPLING To COMPUTE CARDIAC QUTPU
Te SEROKE VOLUME AND PULSE RATE
DA

JMPQA CFLOAT = SE



CONMPUTELs2 Ln=¢7

BB SNBSS GEOY GEOE LG CEGE D) DO DO DD DN D\ 0=t 4ot et 50 2t 4t 5t i

147

N O
T O

~NN\NI~FIND

DU D NV JO UL GIN =R JOANDHOGI =D IDUID OGN

VI Uil Q N

CONT
7954

1355

1355

1453

151
JMP1254 LCOMPUTE Z%e2
SE
SE
SN CSTORE IN 9N
Lpa
9K [T3=T!
JMP2A CFLOAT « SE
Lpa

96 [DZ/DT MIN e
JMP3E CFLOAT =
JMP1ﬁ54 EMULTIPLY Dz/DT MIN X [T3e«T11

‘SF _
JMExlea CDIVIPE BY zee2

L)
JMP1254 CMULTIPLY TIMES Cal FACTORS AND CONqTANTs
“gP CTO GET STROKE VOLUME
JMP1734
»sM [STORE sTROKE VOLUME 1M 9M
LpA&
144
JMPZA LFLOAT =« SE
LpA&
454
JMP3ZE [FLOAT = 9F
JMP12s4 CFIND PRODUCT
SE
% S 1 N
ON CSTORE IN 9
LpA T

21 T

JMP3ZA [FLOAT = SE

JMP1163 CFIND T/3g0e0

SE

SN

9N C[STORE IN oN

gMP1163 CCOMPUTE CARDIAC OUTPUT
o

9F [CCARDIAC OUTPUT IN SF

%DA&

JMP3A [FLOAT = SE
JMP1163 CCOMPUTE PULSF RATE

SE CIN BEATS PER MINUTE
ON

9N [PULSE RATE IN OSN

LpAg

l2 [1p

JMP3A [FLOAT = 9SE

JMP116Z CDIVIDE CARDIAC OUTPUT BY 1g
9276

UMB2

Lpag

7774

STC3Uez

STC?X [MAKE PRESENT PEN POSITION



COMPUTEs3

17¢€
177
220

4]
]

TR NS DT

MNP OO NN fAbRAM Ak iav Eib Tob )
G OVOE NI TO TORY MO N DI D) et et 5ot et 50 posn gt 0t
TNt D ~IDNB AN == DN -JNULDGN = NS GINI =

(L RT ]
S

nn
[€ e
ol

237

240
240

243

262
263 {

264

CONT
4740
1020
6200
4601

RS
{24
=

NQ = ARDth
DU D DI
ND DU 98
Ve D SRR =S

LN=16g

152

StC7Y LTHE QRIGIN
LDA&

=777

STC3O

STC3N

JMPTU CPEN UP

LQA

€

AZE

JMPgA _
CpLOT LABFLS FOR HUMAN DATA

#EA

. #eB

. #6C

#6D

> #6E

SRO CCHECK COTE WORD

€Z [PASSED FRoM FINaL DISpLAY RQUTINE
JMPeC [pRAW AXIS FOR CARDIAC OUTPUT
SRO

(34 |

JMPED [DRAW AXIS FOR PULSE RATE
SRO

67

JMPEF LpRAW AXIS FOR STROKE VoOLUME
JMP4A [DRAW X AXIS

SET&S

IF=1+a200

JMPEF

JMPEA

SET&S

1G=1+40p7

JMPEF

JuPEB

SET&5

IHE 1 r40200

JMPEF

LDRa%W X AXIs aND LAREL IT

#4440

#5A

#58

JMPTD CPEN DOWN

LpAg

1776 CFILLED WITH LENGTK CF X AXIg
STC3X

JMPTM CDRAV X AXIS

JMP7U [PEN UP

LpAg

&7

STCRY

LLAg

454

STC3X

JMPTY CPREPARE T0O WRITE LABEL
SET&S

1121+4800

LpHgS [ LoAp A WITH CHARACTER
SHD& . _

77¢¢ CSEE IF END OF CHARACTER STRING
JMPsE LJUMP IF YES

JMP7C COTHERWISE PLOT CHARACTER
JMP5A ’

LDAR L[SET PEN AT ([@el]

144

STC3Y



COMPUTE194

265
266
267
27¢

O O Gl G 08 O GO GOl O G G GO
-t e s e e e DR N DR QD

CONT
4733
6612
0640
7002

P46

N QAN NN ERDN NS
BN DY =RV RN —Olh N
D RV DERDRUITI NS O b

o
F S

Ln=251

S1C3X 153

JMPTM
UMBg
JMPlﬁﬂ@ CJUMP TO PLOT CURVES

CDRAV Y AXES AND LABEL THEM
#GF gFTG

#6G

#6H

Lpag
€20
STC3Y
LDA&
!44

igzgw CMOVE TO C1s4)

&

g gchRACTER ORTENTATION Y
3.

LEH&S £L0AD A WITH CHARACTER

H &

JMPsH LJUMP IF END OF STRING
JMP7C CPLOT CHARACTER

JMPEG

LpAg

144

StC3aY

LpAs

310

STC3X

JMPTM L[MOVE To [2,17

JmP7D CPEN nowN

LDAg

1750

STCaY

STCSZ¢4 CCHARACTER ORIENTATION +X
JMPTM CpDRAW LINE TO Cos1d3

CLABEL Y AXIS

#gl

- #6d

LDA&

5101x

JMP7M [DRAW 12 INCH LINE
JMPTU CPEN UP

LpAg

2p6

STC3X

JMPTM CLEAVE SPACE FOR NUMBER
KsT

JMPed

KpD

SAER

2ptz2

JMP&J

JMPgHe3

LDHgS

SHD&

1208¢

JMP6L



COMPUTE]19sS LyN=342

CONT 154
354 1427 SHDg
355 17g0 7730
3%¢ €3¢l JMPEK
357 €4p0 JMP7C [pLOT NUMBER
360 €350 JMPgd
361 1@22 #6K LpAg
362 2310 310
I6T 4733 STC3X
x€4 €612 JMP7M
365 1027 LpAg CREDEFINE X AND Y
366 Pla4d 144 [T0C BE P19
367 474¢ StCTY
ol? 4737 STCTX
271 €008 JMPE
372 1222 #6L LpAg
37 2310 10
374 4733 STCZX
375 1020 LpAg
176 7633 7633
TTT 11408 ADM
40 @724 3y
401 6612 JMPTM CPRFEFARE TO PLOT NEXT HWUMEER
42 6747 JMP7D [PEN DOWN
422 €337 JMPg1

CPLeT LABELS FOR nOG DATA
464 15@7 #2A SRO [CHECK CODE WORD

405 g771 6F [PASSED FROM FIMAL DISPLAY ROUTINE
40€ €416 JMPZD CpRAW AXIS FOR CARDIAC QUTPUT
407 15¢0 #2° SRO

410 @771 67

41l ea2e JvP2T CDRAV AXIS FOR PULSFE RATE
412 15p2 #2C SRO

413 ¢771 £7

414 €426 JMP2F L[DRAW AXIS FOR STROKE VOLUWF
415 €735 JMP4k CLRpW X AXIs

416 p2€5S #2D SET&S

417 Fe1l 1J=1+4000

42¢ 6271 JMPEF

421 64¢7 JMPFB

422 QUES #2% SET&S

423 4485 16=1+40¢7

424 6271 JMPEF

425 64172 Jupac

476 065 #2F SET&S

427 5647 1K=1+4000

43¢ 6271 JMPEF

431 6235 JMP4A

CTABLE OF CQDES FOR LABELING AXES
4%p 3714 #1F 3714

433 4330 4330 [L PER MIN

434 4514 4514 CLABEL AxIs 2%20 FOR HuMaN DaTa
435 4034 4734

436 4177 4177

437 gope gonq

440 12¢1 1oy

441 1012 1gl2

442 o106 21%¢



COMPUTEl96 LN=433

CONT 155
443 120t 122}
444 B4AL2 P4le
445 @1p2 21082
44¢ 1201 1281
447 po12 gnlz
450 1417 1412
451 1214 1214
452 @612 o612
452 1404 1474
454 1214 1214
455 @277 2277
45¢ 2537 #1G 253¢
457 2447 2447 [BEATS PER MIN
460 4614 4614 [LABEL AXIs 4Ce22¢ FoR HyMaN AND DOG DATA
461 43302 433p
462 4514 4514
463 4034 4p34
464 4177 4177
465 @202 goep
466 @012 gelz
467 g2¢9 p20a
479 @212 ¢atp
471 o1 2116
472 p@12 Aglo
473 p1@6 7106
474 p@y2 gple
47% a%ea 2104
476 @912 gels
477 @le2 R1¢9
580 ¢012 9715
501 p1ed 2108¢
502 2012 gelz
523 1417 141¢
54 pO12 eele
S05 1406 147 €
506 U2 gole
537 14¢4 1404
s1¢ @277 oe77
511 2626 #iH 2626 [CcC
slg 77¢2 77¢2 CLABEL AXIS g@e2¢@ FOR HUMAN DATA
51z goQ0 eore
514 12021 12?1
515 16006 100¢
51¢ 12p1 1291
s17 @600 ¢edp
52¢g 1201 1221
501 @4p0 2400
522 12¢! 12@1
52% 6207 P5ap
E2a 1201 1 ”é
525 @opf E%@'
52€ 1214 1214
527 1200 }ﬁgﬂ
53¢ 1214 2l4
531 06p0 Pcdp
532 1214 1214
533 04072 2480



COMPUTE197 LNFs24

CONT 156
534 1214 1214
535 @200 G200
53¢ 77177 T777
€37 4742 #11 4742 ToTal TIWME
540 4724 470 4 ’
541 3714 3714
542 4734 4734
543 A02Q 43¢
544 1400 140
545 pael aeel
S48 (214 pels
B4T ATZ4 4234
550 4177 4177

CCALCOMP PLQT
CMODIFIED FOR LINC 32¢
CF T DAVIpSON 5 OCT 67
CCHARACTER PLOT

CPEN MUST BE I THE
CUP pPOSITION

43¢
4@¢ 1190 47C ADA &
421 3000 3T
4o 4017 StC 17
403 2709 ADD @
4C4 4454 STC 3p
405 1417 LpA 17
4%6 11c? ADAR
497 2000 Pprnm
410 4017 STC 17
411 1217 #3U0 Lna 17
412 ¢215 SET & 18
41z 7776 1 [MAGNIFICATION
414 p4is) APO
415 €754 JMP TR
416 12317 #3% LpH 17
417 15g0 Bgl 2
42¢ 7770 777¢
421 11z ADA &
422 goee 7 LORIENTATION
422 1269 Bcl &
424 17779 7770
425 1120 ADA &
426 @60° 3d
427 4216 STC 16
43¢ 1216 Lpa 16
431 4442 STC 3K+Z
432 1337 LpH & 17
£33 0470 AZE &
434 6450 JMP 3L
435 g7 ofeld
43€ 4447 STC 3K+*1
437 p076 #3K SFT & 16 ,
440 ongn % CMINUS THE NOe OF INCREMENTS IN THIS DIRECTION
441 1022 LLA &
442 90D 2 CMOTION uWOPD
44% 6463 JMP 71

444 @236 XSK & 16



COMPUTE1910

445
446
447

450
451
452
453
454

455
45¢
457
46¢
461
462

——— O R R
N e I MRS N

PYMITIMI NN N D) e srve

VTV aviuanngl SITUT i gt g ungiamug
N UL GINY =D I DO

CONT
6441
2235
€437

1017
15¢0
5777
gasd
coead

1220
42¢0
1142
2017
1017
6411

44g7
2200
4570
1520
geon
€511
2740

> 2620

gas)
€5g5

gal

2740
cepl
2471
6505
1222
pdpn4a
6571
g2yl
2740
2576
4740
1500
pae7
€536
2740

26¢1
2517
gaT
§532
2211
2749
A
2577
g4asl
6522
1Q20

JMP
XsK
JMP

#3L LDA
BclL

57717

AZE

LN=z615

"ol 157
& 15
3K

CTEST FOR END

17
&

#3R RETyYR N A ; A
ngEP L%Ng OF CHAR®TABLESALLOWS OVERLAP INTO UPPER MEM

ORY
LpA

&

=3777

ADM
17

LpA
JMP

17
3y

CINCREMENT PLOTTER AND X#Y SR

#71 S1C
ADD
S1C
SRO

3M

@

3s |

& CTEST FOR =Y

#3" [KEY wORD

JMP
ADD
OUND
ADD
APO
JMP
CLEK
ApD
ApD
APO
JMP
LpA

4
JMP
CLR
Ang
AD
sTg
SR
Sp
JMP
ADD

R BOUND
ADD
ADD
APO
JMP
CLR
ADD
ADD
ADD
APO
JMP

'*n | W
7Y‘éTEST FOR POINTS LESS THAN OR EQUAL LOWER E

3N

CTEST FOR POINTS GREATER THAN UPPER BOUND
7Y

30

&

‘a4

& CCARRIAGE RIGHT

A
7Y CDECREASE POINT INDICATOR IN 7Y
3y

7Y ‘
LTEST FoR #*Y

7;2€TEST FOR POINTS GREATER THAN OR EQUAL LOVWE
30

S

&

4

E;égr FOR POINTS LESS THAN LOWER ROUND
7Y
3
30

‘e

4 . .
LDAL [CARRIAGE LEFT



COMPUTE1911 [ N=7¢3

CONT 158
53¢ ¢R10 1p
531 6571 JMP g
522 g1l CLR
53T 2742 ADD 7Y CINCREASE POINT INDICATOR IN 7Y
534 2577 ApD 3y
£i5 4742 StC 7Y
£36 15@2 SRC [TEST FOR #*X
537 p4g7 3m
54¢ €55¢ JMP ’sig
541 1020 LpAg CDrUM DOUN
S4p ¢OC2 2
543 657! JMP B
544 1007 LDA
545 @737 X
54¢ 2577 ADD 3p
547 4737 STC 7%
£Zp 15@8 SRO L[TEST FOR =X
=51 p4g7 M
5C0 €52 JMP "#ip
552 1827 LTA & CDRyM Up
54 gp@l 1
555 571 JMP 82
55¢ 1022 LpA
5S7 737 7%
56¢ 25976 ADD 3y
581 4737 STC 7Xx
562 10¢¢ #7T LDA
E6X pS74 &F
564 0546 OpR 4e¢
565 6564 JMP
566 0011 CLR
E67 4574 STC &R
57¢ 1440 #3S S RETURN
571 16¢2 #8A FSE
=Te g574 &R
573 1067 STA &
£74 @OO0 #8B
575 £072 JmP e/
576 7776 #3V =1
sT7 p2el #3U +1
€6¢ 1777 #3N 1777 [Y«LOWER BOUND NOTE SIGN

6¢1 €2¢@ #30 =1777 CLYSUPPER ROUND NoTE SIGN

€EZ 7766 =11 CeXy=y

6l4 7767 B10 [=X

€0s 7;52 =12 c;x,*v

ete 7775 =2 [+

607 7771 22 ey ey

€1g 777% =4 [+X

611 7772 5 [+Xo=Y
CINTERPOLATED MoTION

€lo ¢076 #7TM SET & 16

€12 71767 1@

€14 ¢G5 SFT & 15

€15 7776 =1

€16 12¢2 LpaA

€17 ¢734 3y



COMPUTE1#12 LN=774

CONT
€20 2735 ADD 3¢
€21 47326 STC 3p 159
€22 2000 ADD 7
623 4454 S1C 3R
624 2733 ADD 3X
625 @017 com
€26 2737 ADD 7X
627 g4171 APO &
63¢ €634 JMP "4 4
€31 2076 SET & lg
€32 77173 =4
€33 @217 coV.
634 1060 STA %
635 pop? #3B C/DplLx/
€36 o011 CLR
637 2736 ADD 3p
64@ €017 com
€41 2740 ADD 7Y
642 paT! APO &
643 €647 JMP ‘¢4
644 075 SET & 15
645 7775 =2
646 g7 coM
€47 10682 STA &
65¢ mApe #3C C[/DgLY/
€51 @277 SET & 17
€52 3777 SL000
653 1600 BSE
€54 PE35 3B
€55 p472 AZE &
656 €454 JMP 3R
657 4667 #3F STC 3In
66g 2635 ADD 3R
€61 @241 ROL 1
6€2 4635 STC 3p
663 2652 ApD 3¢
€64 ¢241 ROL 1
€65 4657 STC 3C
66€ 1020 LDA &
667 p@pp #3D C[RESULT OF BSE
€7@ @241 RoL 1
€71 p4si APO
€72 €676 JMP "+ 4
673 15020 SRO
674 pR17 17
675 6657 JMP 3E
€76 poyl CLR
€77 47¢6 STC 3F
76@ 4715 STC 3G
7G1 #C11 #3H CLR
782 2016 ADD 16
TEX 4702 StC 31
704 2635 ADD 3B
705 {220 LaM &
726 a@pD #3F
7¢7 42¢0 STC @

71p g472 LZE &



COMPUTE1+13 LN=z1g6s

cONT 160
711 4722 STC 31

712 G211 CLR

713 Z€8p0 ADD 3C

714 1220 LaM &

715 @BPO #3G

71€ 4800 stC @

717 p4s2 LZE

72¢ 2015 ADD 15

721 1128 ADA &

722 @Rer #31

723 @4s0 ATE

724 6463 JMP 71

725 2597 ADD 3w [+

726 1140 ADM

727 @817 17

7%¢ P456 AZE

121 €7p1 JMP 3H

732 €454 JMP 3R

733 @¢lp? #3X 2¢0¢ CDESIRED X
734 @@e2 #3Y @e@¢ [DESIRED Y
735 po@R #3Q @P0¢ L[YsSHIFT

736 @007 #3P €002 C3Y+3Q
737 eaed #7X e@ee CCURRENT X
74¢ eppn #7Y 0p0¢ [CURRENT Y
CPEN SUBROUTINES
741 ¢2=6 #7U SET 16 CPEN UP
?

748 pogd 7
743 1029 LpA &
T44 Q040 4¢
745 4757 STC 7R+3
746 €756 JMP TR+Z ‘
747 @¢s6 #7D SET 1€ [PEN DOWN
75¢ gdg@ o
751 1020 LDA &
152 ¢¢20 20
T53 €745 JMP TD=2
754 p@s€ #7R SET 1€ [PEN REVERSE
755 gRg¢6 7
75¢ 102@ LpA &
757 @220 20
76¢ 166D BCO &
761 2Q2€P X
762 12408 STA
76 @757 TR+X
764 @546 OpR 4g
765 6764 JMP "=}
766 6716 JMP lg
37 7¢

77¢ ¢@e? #eY © [FLAG = EQUALS 1 IF DOG ExPer & IF HUMAN DATA
771 @@P® #gZ 4 L[CODFE INDICATING WHICH CURVE TO PLOT
CL7=ALL THREE

Le=c04+5VY
CasgV
L3=00+PR
[eepR
L18¢0



COMPUTEls14 LN=115¢g

161
CONT
EROU£INE T0 PLOT DESIRED CURVES
1@

1p0¢ 1200 LDA
1201 @771 &7
1002 3243 ROL3Z
10923 4771 STC6Z
1624 1000 Lpa
1pg@s a7702 6Y
1eC6 gase AZE
1067 7112 JMP2G

CpLOT HuMaAN DATA
lgig 15¢@ SRO CcHECK cOpE WORD TO SEE
1gll @771 6Z CWH{CH CURVELSJI TO PLOT
lglo 7037 JMPgH L[PLOT CARDIAC OUTPUT
1p1x 1509 #8D SRO
1gla a771 €7 ; ,
1g1s 7058 JMPg8I CPLOT PULSE RATE
lple 15¢@ #gk SPO
lgl7 2771 67
1g2p 7074 JMP&C CPLOT STROKE VOLUNME
1p21 10902 LDA CCOME HERE WHEN FINISHED PLOTTING
1g22 ¢237 4pa+2
1023 4733 STC3X
1024 4734 STC3Y
19725 €612 JMPTHM
1¢26 @11 CLR
1927 4737 STCTX
1¢3@ 1020 LpAg
1031 p4s4 454
1932 4733 STC3X
1933 €612 JMP7M CpOSITION PEN FOR NEXT GRAPH
1034 2641 UMB1
lg3s ¢6p0@ LMBp
1036 6433 JMP433 [CJUMP BACK TO PAGE ¢ AND DISPLAY ROUTINE

1837 @77¢ #gH 770 CREAD VALUES FOR CARDIAC ouTPUT
1040 €270 §/270

1g4) @752 152

142 727) 74271

1943 gop0 HLT

lp44 1020 LpAg

1pas 7467 7467

lp4g 5233 STCoB

1p47 1020 LpAg&

105 gas3 53 [K

1251 5340 StCsC

1252 1022 LDA&

1253 56027 SJ+400 6

1254 7175 JMPgF CPLOT CARDIAC OUTPYT
1285 7213 JMPgD [SEE IF MORE CURVES TO PLCT
195¢ @751 #gl 751 [READ IN PULSE RATE DATA
1857 1276 17278

1p6g 1220 LDAg

1¢61 7727 7727

1g62 5233 STCoEB

1p63 1028 LDAS

1064 ple2 62 %

1265 5349 STCsC



CoMPUTE1#15 LN=12947 162

1266
g€y
le7¢

Dot sl e Dounld Gt Pt e Jugl Qe Gt el Gl
L e —--_--;—.—a&&&
s D R MDD ONNNITI

T ~J AN D AN e QI NN

VIOl DD ~IND A DWN

L4 PO R MO D DOTD D) ot pes 1t ot 1t e

’
b

St Bk s S bk Pt Pk Gl Pk G i P punk o fond o Btd ol Boaih o Juid Pk Mk S P s BB Pt Gk P o Do fmh mp Pt pp
o i s Bd P Bk Bl Sanh foud o P prud st Poh B Poed Pl P P ek Pomd Bd Puh fd fah Dol Tk il Pk Bk Pk Puh b Bk fd

(S E: U IS RV IR AR N N KR S S S E RO R O R R
VLB G RN INAADBGNN=RNTON D GIN—=DIMN

CONT
6612
Yl
1622
1606
7175
7416
2770
€274
p750
7275
1020
7783
5223
5340
6€12
P2ea
1220
1606
7175
721

JMPTM CRETURN TO [@e!3

HLT

LpAg

21

JMPgF (PLOT PULSE RATE

JMPEE [SEER IF ONE MORE CURVE TO PLOT
#8C 770 CREAD IN STROKE VOLUME DATA

=i

LDAg
7954
STCQB
2C Leg
Jmp M CRETURN To £fsl]
HLT
LDA&

o1

JMPEF CPLOT STROKE VOLUME

JMPEE+3 [JUMP TC RETURN TO PAGE ¢
CPLOT DoG VALUES
#2G SRO [EXAMINE CODE WORp TO SEE

€7 [WHICH CURVEs TC PLOT

JMPoJ CPLOT CARDIAC OUTPUT
#2H SPO

JszK CpLoT PULSE RATE

. #21 SRO

67
JrPoL CPLET STROKE VOLUME
JMPEE+3
#2d 77¢ (READ VALUES FOR CARDIAC OQUTPUT
§/27¢
750
77271
HLT
CLR
STCoR
LDAg&
53 X
ST1CeC
LpA&

Bl
JMPgF CPLOT CARDIAC QUTPUT
JMPoH
#2K 751 CREAD IN PULSE RATE DATA
17276
LpAs
7727
StCoB
LDAg
62 %
STCoC
JMPTM CRETURN TO [@sl3
HLT
LDag
91



COMPUTE1s16 LNz13z4p 163

fah Tl Ph Pnd DD Dund (b e ik Duh Pounb (i Denh e Dok
i P Pl e P P P P Pud Dol Punld Pued Wit S P

BdT 2 NI TIDDAD DN OV
VTOTN DO =SRTIDUND G~ S-J0

Pl s G Pt

Dty
NHM™
SH 5
(€ BavE o

s Pt
NN
s
NUT b

1206
12€7
l21¢
o011

Ly

. L
o

IN DIND DO 1 v s 4t 10 e

D N

[ e
D
174]

mmmmmmmmm

227
123¢
1231
1232
1233
12354
1535
1236
1237
1o4p
1041
1242
1243

1544

1045

£
TS GEN we -3 N I I

CONT
7195
7120
2770
6274
2750
7275
p211
5233
E340
€612
ﬂg@g
1

lG%l
7175
7021

5237
5577
eZa4

Ren
poel

2777

p4e!
7355
FI43
17¢0
2536
15¢2
7774
1122
16p0
1049
1311

5220

P245
paea
1021
7232
1220
poe2
1142
2733
7221
0050
pRgod
1120
geon
@476
7248
1240
pop?
1120
gla4d
1242
2734
1128
€o@0

#2L

JMPgF CpLOT PULSE RATE

JMP21

77¢ [CREAD IN STROKE VOLUME DATA
6£/274

750

77275

CLR

StCeB

sStCsC Lo

JMPTM CRETURN TO (@sl3
HLT

LDAg&

OH

JMPgF [PLOT STROKE VOLUME
JMPBE+3

CPLOT CURVE

#gF

#8d
#5K

#gl

#9A

#9B

#5D

STCOD
STCSS
o

SETa!

2777 .

SNSgl CIF SENSE SWITCH 1 1S SET
gM$9E CJUMP TO AVERAGE 4 POINTS
ET3

9Y CSET Nge OF POINTS To PLOT
OpR&1€6 CREAD RSW

BgLa CEXAMINE BITS @ AND 1

7774 o ;
ADA& [CCRSW) DESERMINE NOs OF SYMBOLS PLOTTED
1T

STA

a3d]

STC?+2

SETS

LDA&I CLOAD A WITH Y COORDINATE
JMPSA EPLQT POINT

LpAg

2

ADM

3X

JMPEL

SFTI@

g

ADASL EMODIFY FOR PLACEMENT ON GRAPH
@ CVALUE FILLED IN
AZES

JMP9D+ 1

MUL

@ CVALUE FILLED IN
ADAR

144

STA

3Y CSTORE Y COORDINATE
ADAL

=1777



CCMPUTE1917 LN=143}

104¢g
1543
125¢
1251
1252
1253
1254
1255
125¢
1257
1o6¢
1561
1262
1063
12064
1265
1066
1267
l27¢
1271
1272
1273
1274
1278

=

AR IAN NG O

e Bt Pk P Pl ol i Gl

P YB frrtt l Gmi b P e
D DA D OGN =D IO\

o

w
N

=

cgwf
9223
1¢22
1777
4734
6612
2415
7263
2515
14¢2
2312
7263
T3Z4
2223
7274
6741
7438
1920
plas
4734
4733
€0¢g4
1¢8¢a
p2a1
14602
30e9
7302
6747
14¢@

s Z003

7306
€747
gaat
€012

Z2A45
eogo
1060
z7%7
5604
18¢0
pT4a
56¢5
100@

| 7775
4413

164

APO

JMP? %4

LpAs

1777

stczy ,

JMPTM CPLOT POINT

KsT

JMP? ¢¢g

KpD

SAE&

Gﬁlg

JMP?+2

JMPEH=3

XSK&3 CsKIP IF ALL VALUES PLOTTED
JMP*+12 CQTHERWISE CHECK 1F SYMROL TO BE PLOTTED
JMP7TU

JMPoM

#9T7 Lpag

144
StCay
STC3X
JMPY
LpA

1

SAER
Ip@p
JMPP+o
JMPTD [PEN pOWN
SAEL
3pZ3
JMP2 4o
JMPTD
XSKe5 (&

SKIP Ir sYMBOL REGUIRED
JMP1@ CoTHERW!

1
RWISE GET NEXT poINT

CpLoT SyMpoL

#8G

;ETS

%DA [SAVE PRESENT X AND Y
X

;JTCET

LDA

7Y

STCoT+1

LpAg

7778

STC3U+2

LpAg [ADJUST X AND Y SO THAT SYMBoL

7771 €ls CENTERED

ADM

Iy

LDA&

T772

STA

ADM

X

JMPvu CPEN UP



COMPUTE1»2@ LN=zls22

165

CONT , .
133¢ €612 JMPTM [PREPARE TQ DRAW SYMBOL
1337 10208  LDAR . _ _
134p 0002 #9C @& CgYMEOL CoDg FILLED IN
1341 @642 UMB2
1342 64p0 JMP7C CpPLOT SYMBOL
1343 2649 UmBg
1344 1029 LpA CRESTORE COORDINATES
1z4s5 {€p4 2T
1346 4733 STCxX
1347 1000 LDA
1350 16p5 2T*1
1351 4734 SrcaY
1352 €612 JMPTM
1353 6747 JMPTD CPEN DOWN
1354 6218 JMP1? CJUMP TO PLOT NEXT POINT
1355 10¢8 #9E LDA
1x5¢ 17¢1 97 o ,
1357 p470 AZEL [IF LESS THAN 4 VALUES, pLOT EVERY
136¢ 72¢5 JMPgK CPOINT
1261 a@43 SET3 [SET Ngoe OF POINTS To PLOT=zNge OF VALUES
1362 17¢! 97 [DIVIDED By 2
136% p536 OpRalse CREAD RSW
1364 15¢@ BcL& L[CHECK To SEE IF EITHER BIS @ OR 1 SET
1365 7774 1174
1366 g47@ AZEg [SKIP IF SES
1267 7425 JMPSK LIF NoT SETs NO SYMBOLS PLOTTED
137p 1020 LpAg CPREPARE TO PLoT ONE SyMpoOL
1371 1623 1T+3 CFOR EVERY POQINT
1372 1048 #SL STA
1373 1311~ 8G
1374 5376 STC’+2
1275 p045 SETG
137¢ oo0?
1377 122! #9F LDA&i
1402 1121 ApAg! CAVERAGE 4 POINTS
1401 2341 SCR1
1422 15¢0 BcLa
1423 40¢0 4p0@
1474 5413 STC’+7
1405 1021 Lpagt
1406 112! ApAg!
1407 234l SCR1
l41¢ 1560 BcLg
1411 4020 4000
1412 1108 ADA&
1413 ¢opd
1414 @34 SCRL
1415 15¢2 BcL&
1416 40270
1417 7230 JﬁPgA CPLOT POINT
1429 10228 LpAs
1452 1740 Apm

&

1225 g733 3%
1424 7377 JMPOF
1425 10208 #9K Lp
142¢ 1600 it



CoMpUTE1e21

1427

143¢
1431
1432
14332
1434
1435
1436
1437
la4p
1441
la42
1442
1444
1445
1446
1447
145¢
14€1
1452
1453
1454
14585
143¢
1457
1460
1461
1462
1463
1464
1465
146¢
1467
147¢
1471
1472
1473
1474
1475
1476
1477

S Gesth P e Bk G G Pk ol s B Pk ok b
U1 U U U1 JTUNA OTUTU Ui
s et bt e e DR N QDR
AN D GIN =D I NG ey

LN=161Z
166

CONT
7372 ~JMPsSL

LWwRITE LEGEND
1022 #9M LDAR
1449 la4¢
4723 STC3X
1220 Lpag
7775 7775
4413 STC3U+2
1202 LpA
1349 Sc
2470 AZEg
7453 JMPON [COME HERF IF STROKE VOLUME
l4g SAER .
o253 2253
7457 JMPo0O [COME HERE {F PULSE RATE
1029 LpA& CCOME HERE IF CARDIAC OyuTPUT
guEC 5g '
4734 StCzyY
poES SET&S
5850 lL=1+400¢C
7464 JMPOP
4724 #oN STCaY
z2ees SET&S
55¢9 IM=t1+4000
7464 JMPOP
1220 #90 LpAg
plo? 120
4734 STC3Y
p6s SFT&S
5570 IN®1+40p0
€612 #SP JMPTM
1dege Lpa
1577 Sg
p47e AZER
7531 JMPSG
€741 JMPTU
1002 LpA
1342 oC
p642 UmMBe
6400 JMP7C
640 UmMBe
1229 Lpag
po@s €
1140 ADM
g734 3y
12202 LpAg
pA12 1o
1149 ADM
72733 3X
6612 JMPTH
6747 JMP7D
1020 Lpag
pax2 32
1142 ADM
2733 3X
€612 JMPTM
6741 JMPTU



COMPUTE1+22 LN=z1704 167

1 17 ?2N5 L]
15 2! DAR
1s2@ 7771 7771
1521 1140 ADM
1522 p734 3y
1523 6612 JMPTM
1524 1000 Lba
1525 1349 9¢
152¢ p642 UMB2
1527 64p0 JMP7C
153 7541 JMPSR
1831 €747 #9a JMP7D
1532 1020 Lpag
15%3 %?eg gam
5 A
1238 493s 3R
1536 6612 JMPTM
1537 €74} JMPTU
154 g642 UmB2
1541 1325 #9R LDH&S
1542 1420 SHD,
1543 7700 7780
1544 7547 JMP’+32
1845 €490 JMPTC
154¢ 7541 JMPOR
1547 3648 UMBg
1552 7267 JMPST
1551 1426 #1L 1426
1552 2445 2445
1553 2734 2734
1554 2426 2426
1655 1442 1442
1s5¢ 5047 Sg47
1657 4350 4350
ls6g 4777 4777
1561 1446 #1M 1445
1562 4745 4745
1563 4236 4236
1564 3014 3p14
1565 5142 5142
2 Sh in
567 403
157¢ 7777 7777
1571 1443 #1N 144
1572 5237 593
1573 4630 4g3p
1574 1445 1445
1575 2447 2447
i1s7¢ 3877 377

1577 @dg? #9S @
‘ ~ CUSE RSW TO SELECT NO, OF SYMpOLS / CURVE PLOTTED
160¢ 6777 #1T 67977 CIF @ENONE

162y 7677 7€77 LIF 1= 8

1622 7767 7767 CIF 2¢ 64

1623 7776 7776 [IF 3= EVERY POINT
leZ4 @o@gd #2T ©

1605 pRpo )

l6P¢ 2PES #91 5



COMPUTE1#23 N=l1775

168
CONT
1627 2000 #9J 200¢ [1/2
lelp 2272 #9G 2
16l]. pR24 #9H 24
lelz 3714 #1J 3714 [L PER MiN
1613 4330 433¢ rLaBEL AXIS @445 FOR DOG VALUES
1614 4514 4514
lels 4234 4@54
lele 4177 4177
1617 g4el 2461
le2p g512 2512
le2l g46! 461
l¢22 ¢d12 gelo
1623 2361 2361
1624 2512 gsip
le2s g3g! 2361
1626 p@12 gale
1€27 p261 2261
1€3g 2512 gulo
le31 @26l 2261
1632 @12 ggl2
1633 pl6! 7y61
1634 @512 2519
1635 p1é€l 2161
te3¢ gat2 gelz
1637 @o6l A
164p 0512 8512
1641 ¢@6!l 2p61
}622 9?72 #1K gm;g Lcc
€43 2626 -6
1644 5724 7784 CLABEL AXIS 2945 FOR DOG VALUES
1645 pS512 2s51p
1646 @4e? 042¢
1647 12¢3 1223
1656 512 #2512
1651 23g2 230¢
1652 12p2 1p62
1653 2512 ﬂ=1§
1654 0200 822
1655 12¢1 1281
165¢ 2512 2512
1657 g18? 2100
1660 1214 1214
1661 @512 g5lp
1662 14p0 140¢
1663 7777 7777
%1700

170¢ g@e@ #3Y 2 [TOTAL NOs OF VALUES
170y e@re #5Z ¢ [1/4 TOTAL NO. OF VALUES
3T*3000



FINCDSPtisp

1D

s s Bk Gt G P b ool Pd G B P D Bud Btk i e e s
R EC TN OTVOZ Z X e X B

VALUE
1245
1255
1271

1304

1313

[
O

B OGIN e IS AT

BB DB GEOIGE O

e

Y |
A%

DD v 9D
(' N N0 @ W

67

S Pl el ks Yo T Pord P B Pl Band Pl P il o P ol P Puh s ol ol ol ks .

LINE
1263
1274
1311
1325

RN

(A0 RC RS I S N SN N
Ol = 1OV ULD LN
e <3 N s G v G OY =

W
RV R
N -1

VALUE
1744
1745
174¢
1747
1758
2162
217
@241
P324
234¢
ae4l
Bp44
er4a7
2054
B124
6127
2132
2135
2140
2143
3145
2151
2154
157
2g6€
2187
2400
431
Ba47
2457
ha66
247¢
2473
ps2p
2523
pE3n
2542
ps5%
2562
2573
a6le
9764
2617
626
7627
pe5x

LINE
2043
2044
2045
2046
2047

—
3
F-

) I 1Y
LIRS
WU DO Gl

£ .
IRUIN N Do D U SN

S o v
LT~
=0~

446

£ d
[£ 3N
oyl

47¢
473
S2n
523
530
542
555
5g2
573
€10
767
X
€27
631
655

169



FIN=DSP1s1

CONT
1220
2162
6400
6151
6154
6054
6157
1020
8217
c4p

 §220
- 6044

6247
a77¢2
€270
2750
7271
geal
wsge
€520
2751
1276
6241
2770
6274
150
7275
6241
2643
1220
p324
€400
€220
€066
1222
pRpl
1240
2770
10206

346
2439
€754
€107
1828
gag4
1840
3224
1220
geon
1247
3421
1220
3774
1242
2066
10202
peal

Lnzt

#gA

#8B

#8C

#8D

#&0

#gPpP

170

LpA&
5T CCHKOOSE SCOPE OR PLOT
JMPsA CJUMP TO SCOPE PKG
JMPgL CJUMP BACK TO DISPLAY
JMP8M [JUMP TQ RESTART PRQGRAM
JMPgD CJUMP IF PLOT
JMPEN CJUMP TO PRINT
LpA& CIF SCOPE=SELECT To plsPLAY PULSF
5U CRATEs STROKE VOLUME OR CARDIAC guTPuT
JMPSA CJUMP TO SCOPE FKG
JMP20O
JMP8B CRETURN HERE {F PULSE RATE
JMPgC C[RETURN HERE IF STROKE VOLUME
773 CRETURN HERE 1F CARDIAC OpTPUT
§/273 CLENTER CO DATA FROM TAPE
750
7/271
UMB1
LmMBg
JMPs2¢ [JUMP TO SCOPE DISPLAY RCyTINE
;51 CENTER PR DATA FROM TAPE
/27
JmPpA
77% CENTER SV DATA FRoM TAPE
6/274
58
7/275
JMPEA _
UmMB3 CJUMP HERE IF PLoT
LDA&
sy
JMP9A C[JUMP TO SCOPE PKG
JMP2?
JMPEO CJUNMP IF HUMAN PATIENT
LA
1
STtA
217
LpAg
X [CHOOSE LENGTH OF x AXIS
JMPoA CJUMP TO SCOPE PKG
JmPeD
JMPapP
LpAz . ,
4 CSET HORIZONTAL INCREMENT IN PLOT ROUTINE
QTA
3224
LL A&
2@
STA
3421
LpA&
3774 CSET LENGTH oF X AXIS
STA '
2p6e6
LDAL
5V CSELECT TO PLOT 1*3 CURVES



FIN«DSsP1s2 Lpn=72

- TQIOTN BRGNS IN TN H AR FAUN D OGN DTS O )= ~NAD GEN) =

CONT
€409
6054
6l24
6l27
elz2
6135
6140

#8E
#gF
#8G
#gH
#81
#gd

#8K

#EL

#8M

- #aN

171

JMP9A CJUMP To SCOPE PKG
JMPED
JMP&E
JMP&F
JMPgG
JMP8H
JMPgl
JMPgJ
LDAg
JMPEK
%DA&

JMPEK
LDAs
2
JMPEK
LDAg
4

JMPgK
LDA&
3

JMPEK

LDAg

5

JMPEK

LDAL

6

StA

2771 [PLACE CoDp IN PAGE 2 = LOC 771
LmMBZ

JMP2? CJUMP To PLOTTING ROUTINES
UMBRY rJUMp RACK TO plsPLAY

LmBg

JMP433

UMBY1 CRESTART PROGRAM

LMBg

JMP 47

UMB3

LmMBa

JMP74) CJuMp TO READ IN PRINT RQUTINE

CDISPLAY TEXT

#5T

@231 [1=«RESTART PROGRAM
1321 £2=PLOT
1745 [3«PRINT
3@46 [4=SCOpE
4724

4547

1443

4542

3245

2440

5656

1362

1743

3742

4714



FINeDSP193 LN=163

36

?42

246

265

271

CONT
5656
1323
1743
4834
4147
5656
1304
1746
2642

4330

8777
£102
p3p4
7777
pael
1301
1743
1545
1514
5656
1382
1746

1551

1514
:656
13¢3
1726
1542
1514
=777
ni68

@261
13¢1
1726
1542
1514
5656

13g2

1743
1545
1514
£656
1323
1746
1551
1514
5656

1304°

1726
1542
1514
2014
4315
4515
5656
1305

#5U

#5Y

5¢5¢
13032
1743
4534
4147
5656
1304
174¢
264“
433z
ST7T7
er1ez
0374
7717
Poy
1321
1743
1545
1514
5656
1302
174¢
1551
1514
5656
1303
172¢

1542

isly
5777

p1e
@576
Ao
1361
1726
Is42
1514
5¢56
132p
1743
1545
i1sis
5656
1323
1746
1551
isly
5656
1364
1726
1542
1514
2¢14
4315
4515
5¢5¢
1305

EIE‘P R‘
[2’ ivo
[3=C Ce

cl Cioa

[?UP Re
[3eS4V,
[48Coe04 # PeRs

[5wCy40s + SaVe
[6=F4Re * SaVas
7HALL THREE

172



FIN«DSP1s4 LN=254

 CONT 173
272 1726 1726
273 1542 1542
274 1514 1514
275 20814 2p14
276 4§15 4615
foa e 2l

! 5€96 €-°6
304 1;26 1§ze
302 1743 1743
323 1545 1545
304 1514 1514
305 2014 2¢l4
386 4615 4615
387 5115 5115
3l 5656 5656
311 1397 1x0q
312 1724 1724
313 3737 3737
314 1447 1447
315 3345 3345
3le 3030 3p3¢
317 5777 5777
32¢ gle2 gye2
221 23p4 P304
322 8506 2526
323 9777 2711 _
324 p2pl #5W O20) rleHUMAN DATA
325 13¢1 1381 c2=DoG CaTa
326 1733 1732
327 5040 5g4¢
33 2441 2441
331 1427 1427
332 2447 2447
233 2414 c4l4
334 5656 5656
335 13p¢2 1z@e2
236 1727 1727
337 4232 4030
340 1427 1427
341 2447 2447
342 2414 2414
343 571717 5717
344 pyee g1¢2

! 7
34€ p2@l #5X 2281 [l1=X AXIS=10 INe

347 13p1 1331 r2«X AXIs=22 INe
35p 1753 1753
351 1424 1424
350 BIx4 5334
353 466l 4661
354 P1p0 218¢
358 1424 1434
35¢ 4115 4118
357 5656 5¢56
36¢ 13¢2 1302
361 1753 1753
362 1424 1424



FIN«DSPiss LN2348

CONT | 174

363 5334 5334

I64 466! 4661

365 @207 P00

366 1434 1434

€7 4115 4115

37¢ 8717 S9717

371 pye2 2102

372 1777 7777
CSCOPF“SP s SpPESAME PAGE
[GENERAL PURPQSE ROUTINES FOR ENTERING DATA
CAND SELECTING oPTIoNs
CG+FELLOWS=FER €7
CCODE @=ENTFR TEXT
CCOpDE 1e«STAR OPTION AND RETYRN TO -
CCODE 2=STAR OPTION AND RETYRN TO +1+N
L WERE N Is POSITION OF OPTION IN LIST
CCASE ALWAYS RETURNS TO "#1 o
CE€? AT TEXT hND,DxSPLAY ONCE AND RETURN a1
L76 AT END OF TEXT MEANS RETURN TO ’+2 ON EpL
C77 AT END OF TEXT MEANS RETURN To ’+2 oN EOL
C IF CORRECT NOe OF ENTRIES MADE
CLOAD TAG OF TEXT IN ACCUMe THEN JUMP 94
£9a CAN BE PUT AT START OF ANY QUARTER IN LOWER PAGE
CUSES REGS 19293949536

$400

400 a6 #9A SFT &

421 geeo ¢

4%2 peee SETe2

403 1775 1775

424 7471 APO&

405 p22e XSK&?

496 15¢0 Eclg

4CT 402Q 4G p

410 4421 STCt

411 gaee ADDg

412 124C STA

41z ¢523 SK

414 2653 ADDSY 1

41x 4626 STCOU

416 13¢p1 LpH 1

417 o217 coM

42¢ 4555 STCO®

421 1321 LDHe 1

422 9017 coM

42% 2655 ADDeYe+?2

424 4447 STCOD

4285 2001 apDt

426 446¢ STCoE«+1

427 @222 XSK&2

430 €446 JMPoD=1

CCcLEAR WORKING AREA SU
431 P61l #9B SET&!

432 7747 =x0

433 pRe2 SET&2
434 4763 SuU=4000
435 12827 LDA&

43¢ g7 17



FINeDSP1s6 LNZ436

437
440
441
442
443
444
445
44¢
447
45¢
451
A52
453
454
4585
456

457
467
461
462
463
464
465
46¢
4€7
47¢
471
472
473
474
475
47€
4717
sga
561
502
503
504

IS IEVESE R R e el o

1D IR =

CONT
e43
@555
p2g3
2654
1362
g2zl
6443
gres
eaee
peyl
4767
1220
poel
4613
gBES
2764

geez
paes
po64
2764
1820
p336
4470
2686
1160
peae
goel
eg7d
1322
1422
13g0
1324
1429
5670
€4€6
1420
5700
6520
2241

1120

2627
4003
2522
2021
ry

#9D

CSTART oF DISpPLAY

#9E

#9F

#9G

#oH

> #9d

#9K

SET 3
o%a

XgK 3
ADpDSYsl
STH&?
XsKat
JmPre2
SET&S

@

C
S%CSU-I
LpAg

1
S7CsT+3
SETaS
9y

SET&2

2

SETad4
Su

LpAg
336
S1Col
ADDOY+3
ADpM&

2
SET&!
U
LpHg 2
SHDg
1300
LpHg4
SHDg
Sglp
JMPOF
SHD&
5700
JMPOJ
RoL !
ADA&

X

STC3
ApDoJe2
ADDY
StC1
ADDsG
pgC 3
DsCa3
A
et
gl
JMP
KsT
JMPSE
XsK&6

175



FIN-DSPIQ?

(A6 BV NV AV BV RV BN
NN AOEDY

(€ R4 g

MUV T DY e T =3

566

575
576

€3p
€91
€8e
€2z
€24
X4
(313
607
€lg
sl
€l
613
€14
615
€le

CONT
6547
2415
6532
e0ES
7577
2225
6534
7223
€534

- #5115

€41

> §515

1422
13¢0
€431
1420
23¢@

€523

1400
128
€617
P64
gled
rRg4
€85¢gc
1365
€457

4573

A%
pSe3
p223
1322
1422

L 7T

6530
14¢0
p2gn
£619
1029
716
1365
108¢0
7613
€763
4763
283
g2g4
4€26
6452
p2g3
1325
1 R8-3%
22¢a
g4l
4613
€5¢6

LN

#9M

#SHN

#9Q

#SE

#9T

CEOL

=527

JMPON
KST
JMPeay
SETR3
800
KSKAS
JMP =
XSK&3
JMP?=3
KBD
JMPOE
KrD
SHD&
13¢@
JMPoE
SKDe
23200
JMPSK
SHD&

1 ¥-1:14
JMPoOV
S¥ETa 4
3
XSK 4
JMPOR
STH&®
JMPOE
3TCeS
SET 3
9K
XSKR 3
LpHa?
SKD&
770¢
JMPoM
SAER
@
JMPoT
LpAsg

1€
STH&S
LA
ST+
Apholi=1
STCeoUs
ADD3
XsKg 4
STCo¥

JMPQE«S

XSK&3
LDH&S
LDA&
7

ROL 1
StCr=2
JMPORe 4

176



FiN=DSF{910

€17
€2¢
€21
€22
623
€24
€25
626

€27
€3¢
631
€32
€33
€34
625
€36
637
cdg
641

642
64X
644
€45
646
€47
€5p
€51

652
653
€54
€55
65¢
657
66¢
661

662
667
664
€65
€€6
667
€7@
671

€72
€73
674
€75
676
677
720
7314
762
T3
704
7€¢5
72¢

CONg
13562
lisz
ea77
€625
pa2ze
65302
g2yl
€200

4136
3641
2101
2177
4523
2lsl
4122
2651
2414
e477
sl72
2651
15¢6
4225
4443
€250
5126
2651
5102
I651
geel
7774
7775
7661
e2a0
gege
g1o¢
aag2
T736
36877
g404
4G4
paga
2437
pan3
6210
4177
page
1212
1212
4477
7744
5177
2651
4136
224!
4177
3641

Lhk=€22

#9V LpH 2

SAER
71

JMPoWs1

XsKa6
JMPOM
Ci.R

#5W JMP
CCODE TABLF
#9X 4136

#9Y

3641
214¢)
2177
4823
2151
4122
2651
2414
2477
5172
2651
1506
4p2%
4443
§p5¢
5126
2651
51280
3651
1

3
ot
=116
200e
2e8e
g0
geoa
7736
3677
2484
Z494
2404
2437
Z403%
Solp
4177
apag
l2l2
1212
4477
1744
5177
2651
4136
2241
4177
3641

CPERIOD

CsTaAR

CpASH

CpLys

LSLASH
CRRACKET QPEN
L= SIgN

Ca

177



FIN=DsP1sfl LbtzT71l

797
71¢
711
712
713
AV
718
716
717
720
721
722
723
7224
725
726
727
73@
731
732
733
734
735
73¢
737
T4¢
741
742
743
T44
745
746
747
75€
751
752
753
754
75%
756
757
T76¢
761
760

763
764

1p2p
19214
lpep
1203
1g@4

CONT
4577
4148
4477
4244
4136
2645
1877
7710
7741
peal
4142
4216
1077
4324
2177
3¢t
3677
T30
3577
7706
4177
7741
4477
3IB44
4276
7376
4477
Z146
5121
4¢51
48407
4077
177
1701
176
7402
2677
7701
1463
€314
2170
79¢7
4543
clg1l

goeed
37170

s e B P
- s Pl ot o
DOINY =
U R R0

4577
4145
44717
4044
413¢
2645
1077
T71¢
77414
agal
4142
4g17¢€
1277
4322
B177
2391
a7
71736
377
7766
4177
7741
4477
Ip4a
427€
237€
4477
3146
5121
4651
4040
apTT
2177
77214
2176
T4C2
7677
7721
1463
€314
aT77¢
T¢a1
4543
6151
$7632
0
#sU @
CCHARTBL
CLINC SET
CFOR CALCHAR
LcOpE LOOKUP nNUMBERS
1207
2h

178



FIN«DSP1912 IN=z1p@o 179

CONT
1ges 1153 2F
1266 1167 2G
1007 1203 2H
1glg 1212 21
1811 1234 2J
[SPECIAL
lglo 1572 2K
1213 1573 2L
114 1574 2M
lpels 1575 2N
iple 1618 20
1g17 1625 2p
129 1631 29
1221 1637 2R
1722 164l 2s
12z 1652 a7
CALPHABET
1024 1245 14
1g2s 1255 1p
1226 1271 1c
1927 13¢4 1p
123¢ 1313 1F
1231 1323 IF
1g3z2 1321 1g
1032 1346 1H
18634 1386 11
1935 1366 1J
1636 1377 1K
1037 1405 11
ledg 1411 M
1941 1416 IN
1g42 1497 10
1042 1424 ip
1044 1444 10
1g4s 1460 ip
1ede 1471 18
147 15p7 1T
1¢5¢ 1515 1y
151 1523 1y
1952 1532 1y
1253 1541 1x
1gs54 1552 ly
1255 15¢3 iz
[CcASE SpECIaAL
%ﬂgs 135; SU
[y 67 v
1064 1e51 2u
1p61 1677 2%
1p€2 175 2y
1963 1720 2Z
1g64 1726 SA
1965 1727 4B
1p66 1732 4C
167 1742 4D
1a7¢ 1741 A
1971 1742 4F



FIN=DsF1#13 LN=z1673

et ek e Pnd P B g Yok Pueh Pb
o Dt P D Do Dok Pt e Pt Gulh

[ e T i
D
P el andiand
NN DGN

P Gl s P puck Bl Pl b
VMDD N

[ e
AN OGN

ISAC RO RS RS R
RN |

Yol Jush s ot Pt o il ol Prult P e P it
.—.b-.'—ﬂv—..—.’—‘)—l.—.'.-‘—l“ﬂ’-.i—.
OIDY e I TV

DS DN
£H

—
f g
£
N

114¢
1147
115p
1151
115g

1153

CONT
1744

1745

1746
1747
17590

geel
4321
gap4
g5el
peg2
27¢1
204
gigl
g2e2
6625

pegl
4622
a2a!
p406
plel
€7¢5
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570 1449 #3S S RETURN
571 1600 #gA Bﬁ F

572 @574 B

573 1068 STA &
574 pOQEB #EB

575 €2p0 Jmp e

596 7776 #2IV =1

577 poel #3W +}

60¢ 1777 #3N 1777 (YsLOWER BOUND NOTE SIGN
€01 €0@g? #30 =1777 Cy=yPPER ROUND NQTE sIGN
602 T776 #3J =1 [=Y

603 7766 "1l C=Xy=y
€04 7767 10 C=X
605 7765 €12 [=Xgty
6d¢ 7775 B2 [¢Y
627 7711 6 [*XseY
slg 7773 =4 [*X

611 7772 e5 reXsaY

CINTERPOLATED MoTION
¢le p076 #7M SET & 1¢



PLOT1,1¢ Ln=6l5

CONT
7767
@375
7776
10002
2734
2735
4736
2000
4454
2733
g7
27317

2471

6634
2276
7773
ge17
1260
gaege
gyl
2736
ge17
2740
2471
6647
@875
7775
p317
1260
2000
eeT7
3777
1600
P635
g4a70
€454
4667

2635

p2a!
4635
2650
2241
4650
1820
e

@24l

pée1
8676
15¢0

g7

6657
g1l
4796
4715
[E
2016
4722

#33

#3C

#3E

#3D

#3H

10

SET & 15
=1

LpA

35

ADD 3@
StC 3P
ADD @
51C 3R
ADD 3X
coM

ADD 7x
APO &
JMP ‘¢4
SET & 16
"4

coM

STA &
C/DgLX/
CLR

ADD 3P
CoM

ADD 7Ty
APO &
JMP 44
SET & 15
bt =

coM

STA &
C/DgLY/
SET & 17
S4000
BSE

33

AZE &
JMP 3R
STC 3D
ApD 3B
RoL !
STC 3B
ADD 3C
RoL 1
StC 3¢
Lpa &

CRESULT OF BSE

ROL 1
APO

JMP “+4
SRO

17

JMP 3§
CLR
sStC
STC
CLR
ADD
STC

[ R oul ., RY, ]
-0y ™M

197



PLOT1p11 LN=70€

~ CONT 198
704 2635 ADD 3B
705 122@ LAM &
706 Q000 #3F
787 4008 STC 8
71¢ @472 LZE &
711 4722 STC 31
712 0@l CLR
713 26502 ADD 3C
714 1228 LAM &
715 g@@0 #3G
716 4004 81C @
717 @452 LZE
72¢ 2015 ADD 15
721 1120 ~ADA &
722 @000 #31
723 @459 AZE
724 6463 JMP 71
725 2577 ADD 3V [*)
726 11442 ADM
727 @817 17
738 @4s0 AZE
731 ¢7¢! JMP 3H
732 6454 JMP 3R

733 @Ag@ #3X 008 CDESIRED

4 ¢oe0 #3Y @p@e CDESIRED

35 p@g@ #30 OpA¢ [Y=SHIFT
736 @0Q0 #3P 000¢ [3Y+3Q

737 @g@e? #7X @p@e [CURRENT X

74p @@ #7Y Bpee [CURRENT Y
CPEN SURROQUTINES

741 gos6 #7U SET 16 [PEN UP

<>

742 @@dp0 ?

743 1020 LDA &

744 247 4¢

745 4757 STC TR+3

746 €756 JMP TR#+2

747 g@s6 #7D SET 16 [PEN DOUN

75¢ @ded o

751 10620 LpA &

752 g2 2p

753 6745 JMP 7p=2

754 @256 #7R SET 16 C[PEN REVERSE

75% @@2Ro @

756 1027 LpA &

757 g@220 20

76¢ 1660 BcO &

761 p@ed e8¢

762 1042 STA

763 2757 TR+3

764 9546 OpR 46

765 6764 JMP el

766 €216 JMP is
£77p

77¢ @227 #6Y @ L[FLAG = EQUALS 1 IF DOG EXP,» © IF HUMAN DATA
771 @@@? #6Z @ L[CODE INDICATING WHICH CURVE TO PLOT

C7=ALL THREF

C&=PRe+SY



PLOTIpia LN=777

1p@e
l@gl

1edp
1023
1024

1p@6

Dl Qs S
(SRR
RS
o,

T P el Prs G Pl s Pl G
NNV
VD TAVBOIN =™

CONT

12¢92
ﬁ77l
2243
4771
10¢%
a17e
p4so
7112

1500
e771
7037
1500
2771
7056

15002
2771

7074
10622

> pBES

4733
4734
6612
g1l
4737
1822
Bas4
4733
€612
264l
esgn
€433
g77@
€270
2750

7271

L)
1220
7467
5233
1220

@083

&340
1820
s6g7
7175
7613
2751
1276
1220

199

Cs=cO+sSyY
CaBsV
C32cO0+PR

2=

R
1o

0

CROUTINE TO PLOT DESIRED CURVES

$1200
LpA
62
ROL3
S7Cel
LDA
34
AZE
JMP2G

CPLOT HUMAN DATA

#8D

#8E

#8H

¥#gl

gno Ecgicx con5 wo§n TO SEE

Z WHICH CURVEL T LoT

JMPgH CPLOT cARnlﬁc oﬁrgug

SRO

(¥4 _

JMP8l C[PLOT PULSE RATE

SEO

JMP8C CPLOT STROKE VOLUME

hgﬁ?tcowz HERE WHEN FINISHED PLOTTING
STC3X

STC3Y

JMPTM

CLR

STC7X

LDAg

454

STC3X

JMPTM LpOSITION PEN FOR NEXT GRAPH
UMB1 '

LMB@

JMP435 [JUMp RACK To PAGE @ AND DISPLAY ROUTINE
778 LREAD VALUES FOR CARDtAC oUTPUT
6/278

750

7/271

HLT

LDA&

7467

9J*4000

JMPgF CPLOT CARDIAC OUTPUT

JMPgD [SEEF IF MORE CURVES TO PLOT
751 CREAD IN PULSE RATE DATa
17276

LpAL



PLOT1913 Ln=1070

1961
1@62
1063
1064
1¢€5
1g€6
les7
1070
1n71
1g72
1973
1274

RYIAR DU N DIAUID N R-INAB UMD 3NN D WN

WA B BN D DD OHGHGEGEGION OFGINI RN RITO NIND D) e ve s +s s =
I v AT = vt vt 1) wJ e bt

Bis P Pl Bl Pl P Gl el Pl o Grch ool Gralh: Pl Gl ol nll s Gt il Pudd Yok D Prt il s Guals ot Y b ol
P e el o o e g i i o T )

CONT
7727
5233
1820
poe?2
5340
€612
goeo
1828
16@6
7175
70216
@770
6274

150

7275

1800
7783
5233
5340

€612

gdad

1020

1606
7175
7221
15¢8
2771
7124
15g@
e771
7142
15092
2771
7160
7821
2770
€270
p75¢
7271
gop?
peyl
5233
1220

DR RN T e
DO AT 3 Y oe 3
DL T O =TT N

#8C

200
7727
StTC9oEB
LpA&
€2 %
S1CsC
JMPTM LCRETURN TO C2»1)
HLT -
Lpag
S1
JMPgF [PLOT PULSE RATE
JMP8E [SEE IF ONE MQRE CURVE TO PLOT
77% CREAD IN STROKE VOLUME DATA
6/274
750
7/2715
LpAs
7753
STCoR
S571CsC (g
JMPTM CRETURN TO [B,13
HLT
LpAg
sr
JMPgF [PLOT STROKE VOLUME
JMPEE+3 LJUMP TO RETURN TO PAGE O

CPLOT DOG VALUES

#2GC

#2H

#21

#0J

#2K

SRO [EXAMINE CODE WoRp TO SEE
6Z [WHICH CURVES TO PLOT
JMPzd [PLQT CARDIAC OUTPUT
SRO

6Z

JMP2K [PLOT PULSE RATE

SRO

67

JdMP2L CPLQT STROKE VOLUME
JMPEE+3

77& CREAD VALUES FOR CARDIAC OUTPUT
6/270

750

77271

HLT

CLR

STC9B

LDA&

53 X

S1CsC

gDA&

G

JMPgF [pPLOT CARDIAC OUTPYT
JMP2H . ‘
751 [READ IN PULSE RATE DATA
17276

LDAS

7727

STCeB

LDA&

62 %



PLOT1,14 Ly=1161 201

_ CONT
1151 5340 S1CsC
1152 6612 JMPTM CRETURN TO (@13
1153 oope HLT
1154 1020 LpA&
1155 1606
115¢ 7175 JMPBF CPLOT PULSE RATE
11e7 3799 veL Pactneap 1

#2 E N STROKE VOLUME DATA

1{6% gzyﬁ. 2L 72,5 REA _STROKE VOLUME DAT
1162 p750 7508
1163 7275 77275
1164 po31 CLR
1165 5233 STC9B
1166 5340 STCSC Ce
1167 6612 JMPTM CRETURN TO £@»l)
117¢ poog HLT
1171 1020 LpAs
1172 1611 SH
1173 7175 JMPEF [PLOT STROKE VOLUME
1174 7021 JMPEE+3

CpLOT CURVE
1175 5237 #8F STCeoD

1176 5577 STC9S

1177 9244 SET4

120p goee %)

1201 @26l SET&!

1202 2777 2777

1203 pégl #8J SNSg1 CIF SENSE SylITCH 1 1S SET
1204 7355 JMPSE CJUMP TO AVERAGE 4 POINTS
1205 pR43 #8K ET

1226 1720 9Y CSET Nge OF POINTS To PLOT
1227 @536 OpR&16 [READ RSW

loi@ 15¢0 Bels CEXAMINE BITS @ AND A

1211 7774 7774

tal2 1120 ADAR [CCRsW) DESERMINE NO. OF SYMROLS PLOTTED
1213 1609 1T

1214 1040 STA

l21s 1311 8G

12l 5220 STC?+¢2

1217 p245 SETS

1220 9020 7

1221 1821 #8L LpAgl CLOAD A WITH Y COORDINATE
1922 7230 JMPSA [PLQOT pOINT

1023 1020 LDA&

1224 20@2

1228 1140 ADM

122¢ @733 3x

1027 7221 JMPgL

1230 @850 #9A SET10

1231 @epo ]

1232 1129 ADAR EMQDIFY FOR PLACEMENT ON GRAPH
1233 po@s #9B @ LyALUE FILLED IN

1034 @470 AZES

1235 7240 JMPODe 1

1236 12498 MuL

1237 geeo #9D @ LVALUE FILLED IN
124 1129 ADAS



PLOT1,15 Ln#i252 202

IV NN

[ B B B B e B I )
RO N GIN =R~

CONT
gla4
1240

3 2734

112@
GGE@

41
B32s
1020
1777
4734

€612

a415
7263
8515
1462
goy2
7263
7@34
g223
7274
6741
7430

1020

glaa
4734
4733
6dg4
1800
poo1
1460
ICC0
7322
€747
14¢2
3003
73g6
6747
@gegs
€210

B045
eoee
1000
2737
5604
1000
2740
5605
1820
7775
4413
1020
7771
1140
p734

1828
7773

144
STA

8703Y

JMPTM CPLOT POINT
KST

JMP* +¢

KBD

SAE&

091?

JMP?+2

JMPRHe3

XsKe3 CsKIP IF ALL VALUES PLOTTED
JMP*+10 [COTHERWISE CHECK IF SYMBOL TO BE PLOTTED
JMPTU

JMPYM

LpAL

144

STC3Y

STC3X

JMP4

i

SAE.

3p0¢

JMP* +2

JMP7D CPEN DOUN
SAER

3023

JMP Y2

JMP%D

XsKa5 [SKIP IF SYMBOL REQUIRED
JMP1® COTHERVWISE GET NEXT POINT

CPLOT SYMpOL

#8G

gETS
LpA CSAVE PRESENT X AND Y
7X

,STCQT

STC3U+2

LpA& CApJUST X AND Y sO THAT sSYMBOL
7771 £1s CENTERED

ADM

3Y

LDAg

7713



PLOT1s16 LNS1343

203

133 ?°N§ '

331 10402 STA

1332 1597 %

1333 124ﬂ ADM

1334 g? 3 3X.

133% 5741 JMP7U CPEN yP
1336 66!2 JMP?M CPREPARE T0 DRAVW SYMpOL
1337 1828 LDAa

1340 p0C #9C 0 CSYMBOL CODg FILLED IN

1341 p6a2 UmB2
1342 6490 JMPTC [PLOT SYMBOL

1343 06402 UMBg

1344 1000 LDA CRESTORE COORDINATES

1345 1604

1346 4733 srcsx

13497 1000 LDA

1350 16p° 2T+

1351 4734 STC3Y

1352 €612 JMPTM

1353 6747 JMPYD LPEN DOWN

1354 €010 Jgpze CJUMP TO PLOT NEXT POINT
1355 1000 #SE L

135¢ 1701 97

1357 p470 AZEg CIF LEsS THAN 4 VALUES, pLOT EVERY
1360 72p5 JMP8K CPOINT

1361 p@43 SET3 CSET Nps OF POINTS TO PLOT=Nge OF VALUES
1362 17¢1 ¥4 [DIVIDED BY 4

1363 p536 OpR& 16 C[READ RSW

1364 15¢02 BecL& [CHECK TO SEF IF EITHER BIS g OR 1 SET
1365 7774 7774

1366 p47e AZE& [SKIpP IF SES

1367 7425 JMPSK CIF NQT SET| NO SYMBOLQ PLOTTED
137¢ 1028 LpAg CPREPARE TO PLOT ONE SYMBOL
1371 163 1T+3 [FQR EVERY POINT

1372 1040 #9L STA

1373 1311 8G

1374 5376 STC?+Z

1375 9045 SETS

1376 gogp a

1377 1821 #9F LpAg!

1402 1121 ADAL] CAVERAGE 4 POINTS

1401 @341 SCR1
1402 15¢0 BgLé

1403 40%0 4p0p

14€4 5413 STC’+7

1405 1021 LpAs&l

1406 1121 ApAa1

1427 9341 ScR1

141¢ 1560 BCLs

1411 40¢0 4000

1412 1120 ADAg

1413 poee ]

1214 @341 SCR1

1415 15¢0 BclLg

1416 4200 400

1417 7230 JmPsA LpLOT POINT

1420 1020 LpA&

1421 p@10



PLOT1,17

1422
1423
1424

e Re R I RS ]

P P e et P S P e P
IYYYYYEES
S

Dot o s
&b D
X

1444

144%

LNZ1434

204

CONT
1140 ADM
733 3X
7377 JMPOF
1@2@ #9K LDA&
1600 iT
7372 JMPSL

- CWRITF LFGEND
1220 #9M LpAR
1449 1440
4733 STC3X
1020 LDA&
7775 7778
4413 STC3U+2
10002 LpA
13380 Acme

7
7453 JMPSN [COME HERE }F STROKE VOLUME
jse  Bace
%] .
7427 JMP90 [CcOME HERE IF PULSE RATE
1820 LDA& CCOME HERE IF CARDIAC oOuTPUT
2ese
4734 sTcav
pA65 SET&S
5550 1L=1%4000
7464 JMPoP
4734 #SN STC3Y
PRES SET&S
5 55¢0 IM=1+40200
7464 JMPOP
1820 #90 LDAS
plag 120
4734 STCaY
- pRES SET&S
5570 IN®1+4000
€612 #9P JMPTM
10g0 Lpa
1577 °s
e47@ AZES
7531 JMPgQ
6741 JMPTU
1000 LpA
1340 SC
642 UmMB2
€4g0 JMPTC
pE40D UmMBg
12202 LUA&
s
1140 AD
 B734 3Y
1020 LDA&
pa12 12
1140 ADM
2733 3X
6612 JMPTM
' 6747 JMPTD
12280 Lpag



PLOT1928 Ln=1525 205

Vit B B D P S o B G Gt BB
UL U UTUE O
DININS D) 006 omt bt bt o

AR
ny
>

1577

le@dp
1621

G e D J OV DU

32
ADM
3x
JMPTM
JMPTU
LDA&
7771
ADM

3y
JMPTM
LDA
oS¢
umBg
JMPTC
JMPSR

- #9G JMPID

LDA&

ADM
3%
JMPTM
JMP7U
UmMB2

~ #9R LDHA&S

SHD&
7700
JMP’ +3
JmP?C
JmPsR
UmBg
JMPST

- #1L 1426

g445
9734
2426
1442
5@47
435¢
4777
#1M l44¢
4743
423¢
3g14
5142
375p
4e3p
7777
 #IN 1443
S5p37
ASvQ
1445
2447
Xe 77
#95 @
CUSE RSy TO SELECT NOe OF SYMBOLS / CURVE PLOTTED
' #)T 6777 [IF G’NQNE
7677 CIF 1® 8



PLOT!s21 LN=1616 206

CONT
1602 7767 7767 LIF 2° 64 »
}625 7;76 . 7776 CIF 3% EVERY POINT
624 0000 #2T O
tszg gogs = B
1686 0225 #91 5 .
1607 20880 #5J 2p0¢ C1/2
16ig pop2 #v'g'G‘ 2
1611 pg@24 #9H 24
lel2 3714 #31J 3714 CL PER MIN
1613 4330 433p CLABEL AxIS @¢®4+5 FOR DCG VALUES
1614 4514 4514
1615 4034 4234
lele 4177 AL
1617 p4el 0461
le2¢ p512 gslp
1621 @4¢l 2461
1622 g@12 gegle
1623 9361 2361
1624 @512 gslo
1625 @361l 2361
le2g p@12 eelz
1627 p2¢! 2261
1€3p @512 gs1p
1631 @26l @261
le32 @Ry12 gels
1633 plel 2161
1634 p512 2510
1635 glgl 2161
l63¢ @812 Belz
1637 g6l 261
le4g @512 g5lo
1641 po61 2p61
le4z ge77 Be¢77
1643 2626 #1X 2626 [CC )
1644 7704 7704 CLAREL AXIS @545 FOR DOG VALUES
1645 @512 2512
le4g @4p0 8400
1647 1203 1223
l65¢ @512 251o
1651 g3p0 z32¢
1652 12p2 1o02
1652 @512 @512
1654 0200 Zorp
1655 12p1 1291
165¢ 2512 gsle
1657 g100 g120
leSe 1214 1214
1661 g512 P5la
1662 1409 1400
1663 7777 7777
s$1700

170¢ ¢@ed #9Y ¢ [TOTAL NOs OF VALUES
1701 ¢@p@ #9Z 2 C1/4 TOTAL NOs OF VALUES
3T=30800



PRINT19@
- 207
VALUE LINE VALUE LINE
IT g272 257 71 1525 1546
U ¢3p7 274 7J 1831 15852
1V g32l 306 7K 1545 13566
1V g3x5 322 7L 155p 1571
1x 9341 326 7V 1565 1607
2p p642 63@ 70 1576 1620
2B £646 €35 TP 1622 1644
2C @671 €61 76 le€23 1647
2D @712 783 7R le4e 1672
3L @402 358 75 167p 1714
3IM @435 425 7T 1672 1716
3N p46l 43} U 1724 1730
30 @52 452 TV 17086€ 1732
3p @522 472 TV 1722 1746
3@ ps82 822 77X 1723 1780
4p p557 B33 7Y 1726 1784
4B 9562 537 T2 1731 1760
AD @565 543 ®A 8052 34
4E @570 547 gB 206 42
4F p573 853  #C gpee 5l
4G gS76 557 SA 01285 110
4K g6pl 566 SR 2yls 100
41 p611 576  9C @64 250
4J pep4s gl sD Pp67 253
4L p637 €24 SFE 2@76 61
4M €27 €l4 oF @o5¢ 242
SA 1800 1098 oG M162 145
g46 SH 2y7¢ 153
sl @de22 245
5J @23p 213
SK o4 231
oM 2255 24
SN 2261 245
9FZ B3TT 340

(]
[4)

w

Vi

A ol v < T 2R
W
&

A OIN UL OE RITO VD Dot A S

—aIN) N AT +e T O s B e NSO O UL WADD A D GHAR O >
O O R-IN TN NGIGD O b

CAGH Cat Y <T-IND DI TOD0 D) T +—='e sa'se 1Y

(7))

ey
JTB B B S B D GEOEOE (OO OF H~I~IFON NTINORY reeeis et I
RAFNAPON D G-I um-uassqq,bb&»

L% B SN A S S S R R S 1 R
N -FON AL D e RNRJNHL



PRINT1s]

2p
21
22
23
c4
25
26
27
3¢
31

CONT

2770

€279
2750
7271
2067
4271
6052
]
€274
2750
7275
1200
gl
4125
pr2e7
43¢6
6252
2751
127€
gee?
4320
&SR
6671
pe4l

e

6437

Fa46
GRgd
2211
4285
6671
€671
1327
l4z2
7722
€2g6
6642
Ereld

ges2

FV77
g7l
3802
%11
42¢!
42¢2
4263
e@?@
113

7 6671

€671
poy1
4256
4257
€ 4260
2415

Ln=y 208

77¢ CREAD IN CARDIAC OUTPUT DATa
§/272

41"

7,271

SET&T

1T#1+4000

JMPgA [PRINT TITLE AND VALUES
773 CREAD IN STROKE VQLUME DATA
§/2'T4

5@

77275

LDAR

1

S1Csh
SFET&?
lu#1ea000
JMPgA L[PRINT TITLE AND VALUFS
751 C(READ IN PULSE RATE DaTa
1/27€
SET&7
1y=1+4000 . .
JMPgA CPRINT TITLE AND VALUES
JMPETH
UMBY
LMBg _ ,
JMP433 CJUMP TO MAIN DISPLAY
CPRINT TITLE
#E4 gETs
14

CLR
STLSM
JMPET1 CPRINT CReLF
JMPET 1
#88 LDH&7 [LOAD ONE CHARACTER
;HD& [SFE IF END OF CHARACTER STRING
T0e
JMPEC CCOME HERE IF END
JMP€42 [OTHERWISE PRINT CHARACTER
~ JMP8B [GET NEXT CHARACTEP
CPRINT VALUES
#8C cFT12

SET&II CSKIP FIRST VALUE 1N EACH
épgﬁ CGROUP AS IT IS INCORFECT
L
STCoN [CLEAR LOCATIONS TO EF OCCUPIED
STCoN+1 [pY THF FIRgT AVERAGE VALUE
STColN+2

#SEk SET&1¢ CSET 4 VALUES/LINE
7773
JMPE71
JMPg71
CLFE CCLEAR LOCATIONS TO BE 0CCUPIED
STC9F [BY THE NEXT AVERAGE VALUE
STCoFe!l
STC9F+2
KST CIF EoL KEY STRUCKs GET NEXT SET



PRINT1#»2 Lpns72 209

CONT
107 €115 JMP9B L[OF VALUESs OR IF THE LAST SET
11¢ €515 KBD  [IS PRINTEDy GO TC THE MAIN DISPLAY
111 1460 SAEL CROUTINFE IN PAGE g
112 p@12 ggl2
113 6115 JMPsB [IF NOT EOLy CONTINUE SAMPLING
114 ¢@ps JMPE .
115 1021 #98% LDA&Y1 CLOAD A WITH ValLUE
116 1040 STA
117 p266 sSc+2
12¢ 9353 SCR13
121 4265 STCOC#+!
122 7743 JMP1743 CFLOAT
123 7513 =sC
124 1228 LpAs
125 Q@12 #9A 1o
126 1047 StA
127 @271 9L+2
13¢ g383 SCR13
131 4270 STCYD+1
132 7743 JMP1743 LFLOAT
133 7510 “eD
134 7254 JMP1054
135 p264 S¢
13¢ ge&7 op
137 @267 Sh
14 7000 JMP12a¢ CaADD VALUE TO CONTENTS OF SF
141 ¢267 Sp
142 g2%¢ SF
143 2256 SF
144 77%4 JMP1734
145 p267 St
146 6046 =7z
147 €4p@ JMP42¢ [PRINT VALUE
15¢ €640 JMPg4@ CPRINT 5 SPACES
151 6643 JMPE4g
152 6647 JuPe4g
153 6640 JNP64F
154 €640 JMPg4g
155 g230 XsKeye LSKIP IF 4 VALUES PRINTED
1% 6115 JMPoOB COTHERWISF GET NEXT VALUE
157 6671 JMPET1
16g 0067 SET&T
161 4334 ly=1+4000@
162 1327 #9G LDH&7 CAVERAGE
163 1422 SHD&
164 7700 770¢
165 517@ JMPOH C[JUMP IF END QF CHARACTER STRING
166 6642 JMP642 [PRINT CHARACTER
167 6162 JMPSG CGET NEXT CHARACTER
17¢ 6640 #9H JMPE4R
171 €640 JMPE4p
172 €640 JMPE4A
173 1020 LDA&
174 @004
175 1048 STA
176 p266 SC*+2

177 ¢3s53 SCR13



PRINT1#3 LN2163

2¢p

LA GEOE G OE SO DO DD TN DD DI NG DD omb 4os =0 0 s 0ob e

WVRAELES BV E LRV E ATV DV R R RV ReVERAVELY BAVELVRIVEA Rav R Av]
E-3 .

VM MR
I - SN O S O
AW > AN~

n

jAv]
f.3
~3

[

2%¢g

n
(SR
"

25
253
254
255

25¢

26¢
261
262
263
264
265
266
267

CONT
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PRINT1923 1LN:=2p03

- CONT 226
1752 pe2? 27
1753 1243 STAZ
1754 7635 JMPSBe1g

CFIx

1755 ¢@31 #sP CLR
175¢ 2080 ADD@
1757 7406 JMPT8
176g 3435 ADD7D
1761 8392 STCEG#1
1762 7371 JMPEG
1763 1028 LpAs
1764 7758 ¥
1765 7351 JMPGE
1766 £471 APOS
1767 7672 JmP7T
177¢ 7567 JMPTM+2
1771 7671 JMPTT=1
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APPENDIX

OPERATIONAL DETAILS

TAPES

Mount LAP6 - 2S on unit §, LAP6 - 2S file with programs on
unit 1, and a scratch tape on unit 5.

SCOPE DISPLAY OF TEST ~ initial (INT - DSP) and
final (FIN - DSP1)

Both utilize SCOPE - SP.

In all cases where blanks are to be filled, the number of
typed entries must equal the number of blanks.

One constant, rho, is initially set equal to 150 ohm cm. If
this value is correct, type EOL and the next display will appear.

If incorrect, type DEL to erase the 150, and then enter the correct
value followed by EOL.

If the keyboard should lock down while selections are being
made or blanks being filled, type the character (s) again and
the display will reappear.

Needless to say - make sure there is an analog input signal
before typing S-EOL. Likewise, make sure the printer and plotter
are on before selecting them for output. Before plotting, position
the pen at the right hand margin (small holes). After the first
graph, the pen will be positioned under program control.

COPYING PROGRAMS FROM MASTER TAPE TO USER TAPE

To copy COCAL, INT-DSP, COMPUTEl, FIN-DSPl, PLOT1, and PRINT1
from the Master tape on which they now reside (JUNCKER LAP6 - 28
FILE) onto another tape, use LAP6 -~ 2S and the copy file command
(»CF UNIT EOL). These six routines are the only entries in the
Master tape file index, so that copying all the entries will not
result in unwanted programs being transferred to the user's tape.

EXAMINATION OF THE FILE INDEX BY COCAL

All six routines must exist on the same tape and be listed in
that tape's file index. As mentioned previously, this tape is
mounted on unit 1. Once in execution, COCAL searches the tape
for the file index, examining first blocks 426-7. When found,
the index is searched for INT-DSP, COMPUTEl, FIN-DSP1, PLOT1 and
PRINT1. The block numbers of these routines are inserted into
appropriate locations in COCAL®*. TIf a routine is not found, the
computer halts at location (1234)8.

DATA STORAGE

Cardiac output values are at present stored in blocks 270
and 271, stroke volume in blocks 274 and 275, and pulse rate in
blocks 276 and 277 of the scratch tape mounted on unit 5. Should
the user wish to store the data elsewhere, he must modify the
read/write instructions in COMPUTE1l, FIN-DSP1, PLOT1 and PRINTI1.

*The blogk numbers shown in the listing of COCAL are not
necessarily correct.
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USE OF PAGES BY THE PROGRAM

Before Sampling During Sampling Final Display

Page 0 COCAL 0 - 1304 COCAL 0 - 774 COCAL 0 - 774
includes the C.0. values C.0. or S.V.
routine to examine 1000 - 1777 or P.R. 1000 - 1777

the file index

Page 1 INT-DSP raw data raw data

Page 2 COMPUTE1l COMPUTE1 FIN-DSP1

Page 3 - - - - S.V. and P.R. PLOT1 or
values PRINT1

RESTARTING COCAL FROM THE CONSOLE

To restart COCAL at the beginning:#

1) Redefine the lower memory bank to be #
Set left switches: LMB@ (code 600)
Raise DO lever

2) Redefine the upper memory bank to be 1
Set left switches: UMB1l (code 641)
Raise DO lever

3) Start at location (L47)g
Set the right switches: (47)g
Press the START RSW button

To restart the final display routine in COCAL in the event,
for example, the computer tries to plot data but the
plotter has not been turned on, repeat steps #1 and #2

but start the program at location (433)g.

ERROR IN T

There is a small amount of error in the computation of
time T between beats. A time gap exists between the
sampling of successive beats which needs to be considered
for accurate measurement of pulse rate. This gap equals
the time spent in calculating stroke volume, cardiac out-
put, and pulse rate. The estimated value of this gap is
62 ms. (18 ms. in COCAL, 44 ms. in COMPUTEl). Converting
this value to locations gives 31 locations or, when
rounded off, 30 locations. I added the octal equivalent
of 30, 36, to the time T as calculated by COCAL in
locations 372 - 376.

The user may wish to add a number other than 36. If so,
he should change the contents of location 37u.

*LAP6-2S and - LOCOCAL,1 may also be used.

EQL
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Computation of Stroke Volume

o = p-ohm cm (rho)
L? = (Lem/10)2 L is multiplied by 10 when entered
T = (t addresses)(2ms/address)(lsec/103ms) =
2t sec/103
v = (T3-T;) (See Fig. 1)
(dZ/dt)min = DZ * 1lvolt/(377)g *+ 100 ohms/K volt sec =
100 DZ ohms
(377)gK sec
DZ = sampled value of (dZ/dt)min
(dZ/dt)cal = 100 ohms/sec = K volts[(dZ/dt)cal is
multiplied by 100 when entered]
Zo = Z * 1 volt/(377)g * 100 ohms/J volts =
100 Z ohms
(377)g J
2, = sampled value of Z,
anl = 100 ohms = J volts [anl is multiplied by

100 when entered]

Insert into formula:

AV

2
oL21/%, (az/dt) .

to get: AV (p ohm cm) (LZem?)(2t sec)(102DZ ohms) (377)gJ2

(102)(103)(377)g (K sec)(10"Z20hms?)

which reduces to:

Stroke volume = AV = pL2t(Dz)(Z2) 51 cm3

K72 1068
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Computation of Pulse Rate

T = t° addresses - 2ms/address °* 1 sec/103ms
1 min/60 sec = t~ min/3 x 1l0%

t” = time in addresses between beats (plus 36g

to allow for computation (of c.o., etc.)

Pulse Rate

11

1/T beats per min.

Computation of Cardiac Output

Cardiac output = AV/T cc/min
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CARDIAC OUTPUT IN Cc /MIN
*7687¢00ﬂx+033 +7s570000E%203 og-g:aazﬁz*gﬁs 8. 13000PE+003
AVERAGE *7.945EQEE*@63 NORMALIZED VALUE +;.gzazgegozae

+Be66QQRIE+P 03 +94160080Ee@p3 +95:390000FE+003 *E, 6895@@E¢6@3
AVERAGE  +8e5725p0F+003 NORMALIZED VALUE  *14129326E+00¢

+745200080E*003 +74450830E 003 +74320000E+g03 +74190000E + 623
AVERAGE *W.saazaﬂr+eﬂa NORMALTZED VALUE  +9+2B8872E*pi}

+74200000E+003 +64970pBPES0R3 +7086B000E*203 *8,110¢0CE+003
AVERAGE  +74560000E+p03 NORMALTZED VALUE  +9e515428E%001

*8-77magﬁz*gz3 +8,620000Fe2p3 +7493008CE*003 *8,28000CE+003
AVERAGE +3u4@@6005¢gz3 NORMALIZED VALUE +1:057268E+000

+7014G0P0E+003 +84220000E«@p3 +74940000F*203 *7sTC0ARCE+BE3
AVERAGE  +7.75pC@0E+223 NORMALIZED VALUE  +94754571E=00}

STROKE VOLUME IN ¢C

+14060Q0AF+pd2 +95,900¢00Ee gt +1spEARERE+RT2 +1,620000E 002
AVERAGE *1»@325z6r*m@3 NORMALIZED VALUE  +1.00g0pR0E+p00

+lep6pQplE+edp +1.100000E«0g2 *1+150000E+p0? *1,130000F 802
AVERAGE +1+110000FE+p02 NORMALIZED VALUE  *1.¢750¢@F+000

+1+070000E+002 +1:.11000pE+0p2 +14110002E*002 *1.050p00E+Bg2
AVERAGE *14Q950g0E+202 NORMALIZED VALUE +1406P532E+p00

+1sp600p0F+p0C2 +9,6p0700E+0p] +14050020E+202 +1.000080E+ 002
AVERAGE +140175¢0E+002 NORMALIZED VALUE +94854731E"@01

+16QA4pR00E+p02 +9,950200pEs0g1 *94300000FE*@0 1 +1405000PEB@2
AVERAGE  +1+pP2500E+p02 NORMALIZED VALUE  +95:705453E%¢0}

+9.6000P0E+p0 1 +1:12000pE+a02 +141000p0E+002 +1.,850000E+002
AVERAGE  +14@575¢0F+002 NORMALIZED VALUE  +1s024212E+@@0

PULSE RATE IN BEATS/MIN

+T¢400CQRE+p0} +T600000E+GR1 +TeT00000E*E0) +T,902000E+p¢ 1
AVERAGE +7.65p000F+00) NORMALIZED VALUE *l-@@ﬂﬂﬁﬁE*ﬂﬁﬁ

*BGIBGQQBF*Gﬁl +8,300000FEe01 OGGI@BEQEE*Qﬂl 07 +SECRPRE+Rp1
AVERAGE ¢8a525leﬁE*ﬂﬁl NORMALIZED VALUE 01-@49619E+gﬂﬂ

+74p0RBROE+PD) +6+7p8020E+001 *s-sae@aax*g@; +645CORBOE+RA 1
AVERAGE  +6+6750p0F+201 NORMALTZED VALUE  +84725499F°p0)

+€sBOPPPOF+ 00 +7100¢OREvRp 1 +7 040000 BE+00) *8,060P0CE+0p1
AVERAGE  +74325000F+@01 NORMALIZED VALUE  +94575173E¢p@1

+He 4000P2E+00 ) +8.6p020pFe0g] 48040000 0E*p0 +7.EpRpBeEs0@1
AVERAGE  +E'3000p0E+p0} NORMALIZED VALUE '*11384967E0Q¢0

+T640P0PRE*P 0 +7,200000Eepp) *Te100000E*201 ¢7.2¢ﬂeaﬁz.aa1
AVERAGE +v.a?5zaazoe®1 NORMALIZED VALUE ~+94444452E%p0
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